




The role of ability, values, knowledge, and 
perceptions in the behaviours of snorkellers at  









College of Science, Health, Engineering and Education 





This thesis is presented for the degree of Bachelor of Science Honours, 





I declare this thesis is my own account of my research and contains as its main content, 
work which has not been previously submitted for a degree at any tertiary education 
institution.  
Danielle Godwin 





First and foremost, I would like to extend my gratitude to my supervisors: Dr. Mike 
Hughes and Dr. Halina Kobryn, for their guidance, support and patience. I would also 
like to thank Dr. Margaret Andrews and Prof. Lynnath Beckley for their constructive 
comments and insights. Thank you to DBCA & PWS for funding and support, with 
special thanks to Dr. Amanda Smith, Dr. Tom Holmes, Dr. Pete Barnes and their teams. 
Thank you to Rose and Stan de Pierres for the generous scholarship which provided a 
buffer in an unusual year. Thank you to my friends and fellow lab partners, Tahlia 
Daymond and Christina Chambers for unwavering support, laughs, chocolate biscuits, 
and faultless tolerance of my inanities. Thank you to my research assistant Debbie for 
all the cuppas and keeping my jinas on the ground. Thank you to my partner Cam for 
your constant enthusiasm and support.  
And special thanks to Nelson for your unique and thought-provoking perspective on all 




Snorkelling is a popular recreational activity, being particularly common in marine 
protected areas which strive to strike a balance between conservation and human use. 
There are ongoing concerns, however, that growth in snorkel tourism may increase 
pressures and impacts on popular sites such as the World Heritage-listed Ningaloo Reef 
in Western Australia. While previous studies have looked at ‘how’ snorkellers impact 
the reef, few have looked at behavioural drivers in order to understand ‘why.’ This 
study analyses how the key attributes of ability, values, knowledge and perceptions of 
snorkellers relate to their self-reported behaviours. Data was collected using an online 
social survey of visitors who snorkelled at two popular yet contrasting sites within the 
Ningaloo Marine Park (Turquoise Bay and Oyster Stacks), using a survey designed to 
capture the key attributes as variables. These variables were tested for association using 
Chi-square test and Spearman’s rank-order correlation or Cramer’s V. The results 
showed that overall, snorkellers who reported greater ability, pro-environmental values, 
and greater knowledge, were more likely to also report greater perceptions of damaging 
behaviour and fewer self-reported coral contacting behaviours. The strongest 
association was between values and behaviours, while the weakest association was 
between ability and perceptions. The results of this study indicate that respondents 
generally consider themselves to have strong ability, pro-environmental values and 
good knowledge whilst also reporting high perceptions of the impacts of damaging 
behaviours and engaging in few damaging behaviours. These findings are indicative of 
a pattern amongst the respondents and would benefit from in-water observation of 
snorkellers for further validation. This knowledge can help inform management 
approaches such as tailored messaging to target the normative belief that most people 
want to be seen to be doing the ‘right’ thing which, in the context of this study, means 
not impacting upon the coral reef.  
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1.   Introduction 
 Background 
Worldwide, coral reefs play myriad important roles. Despite only occupying an estimated 
0.2% of the ocean’s surface, they are home to an astonishing diversity of species and 
provide a range of ecosystem services and income for millions of people through fishing 
and tourism (Cesar, Burke, & Pet-Soade, 2003; Moberg & Folke, 1999, p. 216). 
Consequent to the development of coral-reef tourism in recent decades, managers and 
conservationists alike have begun to raise concerns as the increasing numbers of tourists 
engaging in reef-based recreation represent an increased potential for direct impacts on 
the reef itself (Rangel et al., 2015; Spalding et al., 2017). On-reef activities such as 
boating, SCUBA diving, and snorkelling are likely to have the greatest direct impacts on 
coral reefs through contacts (such as outboard motors, fins), pollution (fuels/oils, 
sunscreens, dropped objects), and negative behaviours (noise and physical disturbance, 
harassing organisms) (Milazzo, Chemello, Badalamenti, Camarda, & Riggio, 2002; 
Webler & Jakubowski, 2016, p. 223). Although snorkelling is widely considered to be a 
(comparatively) environmentally low-impact recreational activity, a growing body of 
evidence suggests that certain behaviours (such as fin kicks, brushes, grabs, and sitting, 
standing or kneeling on corals) may damage coral colonies, which are themselves slow 
to recover (Den Haring & Sutton, 2019; Leujak & Ormond, 2008a; Leujak & Ormond, 
2008b; Nestor et al., 2018; Webler & Jakubowski, 2016). Specific issues that have been 
raised include increased coral mortality and reduced coral fecundity which, when 
considered in the frame of increasing tourism and its subsequent impacts, indicate adverse 




Ningaloo Reef Marine Park is a World Heritage listed site and popular tourist destination 
with significant ecological, social and cultural values (MPRA and CALM, 2005; 
Smallwood, Beckley, & Moore, 2012). Despite its geographical remoteness (located over 
1000 km north of Perth), Ningaloo receives tourists from around the world, with 
significant increases in visitation rates around the domestic school holiday periods (Jones, 
Hughes, Wood, Lewis, & Chandler, 2009). The Ningaloo reef fringes the Western 
Australian coastline for more 300 km, which makes it easily accessible to visitors directly 
from the shore. While visitors to the reef undertake a range of water-based activities, 
snorkelling is rated as the most important and most popular recreational activity in the 
region and is permitted in all zones of the Ningaloo Marine Park as per the current 
management plan (Jones et al., 2009; Jones et al., 2011; MPRA and CALM, 2005, p. 92).  
The Ningaloo Coast holds significant social value within both the local and the broader 
community. Studies of visitors to Ningaloo have found that, even as ‘outsiders,’ people 
tend to hold strong attachment to and emotional connection with the area (Tonge, Moore, 
Ryan, & Beckley, 2013; Tonge, Ryan, Moore, & Beckley, 2015). As perhaps expected, 
the local community holds a particularly strong connection to the Ningaloo Coast, such 
as was demonstrated through the high levels of engagement with and even opposition to 
the decade-long World Heritage nomination process (Hughes, Jones, & Phau, 2016; 
Jones, Jones, & Hughes, 2015). There continue to be high levels of concern among 
community members about the degree of damage to the reef, especially at the high 
visitation areas such as Turquoise Bay and Oyster Stacks, that is caused by people 
standing on the corals (J. Johnsson, personal communication, October 7, 2020). 
Turquoise Bay (TB) and Oyster Stacks (OS), located in the Cape Range National Park 
(CRNP), are renowned for their snorkelling experience. However, as with many reef 
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tourism sites around the world, there remain concerns regarding the impact which visitors, 
namely snorkellers, may be having on the coral reef. Although snorkeller impacts at these 
two specific sites have not hitherto been investigated, similar studies have been conducted 
in other marine sites around the world, including the Red Sea, Hawai’i, the Algarve, 
Mombasa, Puerto Rico, Palau and St Lucia West Indies; this demonstrates the growing 
significance of this area of research (Barker, 2003; Den Haring & Sutton, 2019; Leujak 
& Ormond, 2007; Leujak & Ormond, 2008a; Leujak & Ormond, 2008b; Nestor et al., 
2018; Rangel et al., 2015; Rodgers & Cox, 2003; Webler & Jakubowski, 2016; Wiener, 
Needham, & Wilkinson, 2009).  
Despite Turquoise Bay receiving greater visitor numbers than Oyster Stacks, the current 
management plan for the NMP specifically mentions Oyster Stacks in relation to concerns 
regarding coral damage to corals resulting from activities like snorkelling (MPRA and 
CALM, 2005, p. 67). As the site of Oyster Stacks is shallow, these concerns stem from 
the greater vulnerability of the corals to damaging contacts by snorkellers as they enter 
the water (trampling) and the greater likelihood of contacts during low tides. For this 
reason, park managers recommend snorkelling at Oyster Stacks only at high tides. 
However, as is typical of most fringing reefs, there are no mechanisms in place for 
enforcing compliance with this.  
The Ningaloo Marine Park is in an area of broad significance and it is the duty of park 
managers to strike a balance between competing demands. The stated aim of the current 
management plan is to “conserve the marine biodiversity of the reserves, while 
maintaining opportunities for people to appreciate and enjoy the reserves and for the local 
community to benefit from visitors attracted to the area, where these activities are 
compatible with maintaining the values of the reserves.” (MPRA and CALM, 2005, p. 7). 
Meeting this aim requires that management integrate both socials demands and 
environmental needs into their management practices. The meeting of this aim would, no 
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doubt, benefit from a greater understanding the drivers of problems behaviours associated 
with a key recreational activity (snorkelling); further empowering management to treat 
causes over symptoms. 
 Research Objectives 
Previous similar studies of the degrading impacts of snorkellers have looked at specific 
problem behaviours such as fin contacts, grabbing, trampling and sedimentation (Leujak 
& Ormond, 2007; Rodgers & Cox, 2003), the effects on future tourism and the 
environment (Kragt, Roebeling, & Ruijs, 2009; Nestor et al., 2018; Rouphael & Inglis, 
2001), and perceptions of snorkellers of certain behaviours (Den Haring & Sutton, 2019; 
Leujak & Ormond, 2007; Webler & Jakubowski, 2016). This present study looks to 
elucidate the drivers of problem behaviours through a survey of abilities, value-based 
characteristics, beliefs, and knowledge of snorkeller visitors to the two sites. This study 
draws on several foundational theories, including the Theory of Planned Behaviour (TPB) 
(Ajzen, 1991), Value-Belief-Norm (VBN) (Stern, Dietz, Abel, Guagnano, & Kalof, 1999) 
and Responsible Environmental Behaviour (REB) (Hines, Hungerford, & Tomera, 1987). 
This study will answer the research question of ‘how do ability, value-based 
characteristics (beliefs, values, perceptions, opinions), and knowledge relate to the 
perceptions of damaging behaviours and self-reported in-water behaviours of 
snorkellers at Turquoise Bay and Oyster Stacks’ (Figure 1). To answer the research 
question, seven hypotheses that compare the independent variables against the dependent 




Figure 1. This study looks to answer how the independent variables of ability, values, and knowledge (left) 
relate to the dependent variables of perceptions and behaviours (right) in order to understand the drivers 
damaging behaviours in snorkellers, thus explicating ‘why’ damaging behaviours occur. The relationship 
between perceptions as an independent variable against behaviours as a dependent variable is also looked 
at.  
 
Table 1. The hypotheses tested to answer the research question, split into two groups to compare the 
independent variables (ability, values, knowledge) against each of the dependent variables of perceptions 
and behaviours. 
Perceptions 
1 Respondents reporting greater ability will report greater perceptions of damaging 
behaviours than those reporting poorer ability. 
2 Respondents reporting greater pro-environmental value-based characteristics will 
report greater perceptions of damaging behaviours than those reporting lesser pro-
environmental value-based characteristics. 
3 Respondents reporting greater knowledge will report greater perceptions of 
damaging behaviours than those reporting lesser knowledge. 
Behaviours 
4 Respondents reporting greater ability will report fewer coral contacting behaviours 
than those reporting poorer ability. 
5 Respondents reporting greater pro-environmental value-based characteristics will 
report fewer coral contacting behaviours than those reporting lesser pro-
environmental value-based characteristics. 
6 Respondents reporting greater knowledge will report fewer coral contacting 
behaviours than those reporting lesser knowledge. 
7 Respondents reporting greater perceptions of damaging behaviours will report 





The following chapter (Chapter 2: Literature Review) reviews a range of literature on 
marine protected area (MPA) use, recreation in MPAs, and specific facets of snorkel 
recreation. Chapter 3 (Methods) outlines the study area, the research design including 
theoretical approach and the data collection and analyses. Chapter 4 (Results) describes 
the key results of the study. Chapter 5 (Discussion) contains a thorough discussion of the 
key results in relation to the research questions and the seven hypotheses, as well as the 
broader literature. Implications and limitation of the study are also included in Chapter 5. 
Chapter 6 (Conclusion) provides a summary of the study and findings. A reference list 
and appendices containing the information letter, questionnaire, and all other relevant 




2.   Literature Review 
 Introduction 
Marine Protected Areas (MPAs) are intended to protect marine environments for 
environmental, cultural, and economic reasons. MPAs often take a mixed-use approach 
to zoning in order to cater for a variety of users and protection types and to achieve 
conservation goals whilst simultaneously appeasing the needs of tourism, fishers (both 
commercial and recreational), and local communities (Bennett & Dearden, 2014, p. 96). 
This variety of uses and users can lead to compliance issues with the goals and objectives 
of an MPA, since some (users and uses) have inherent conflicts with the goals of the MPA 
and with other users. These can include conflicts between user groups (such as divers and 
anglers (Lynch et al., 2004; Rees et al., 2015)), problems with the intensity of use, and 
also consequences for the receiving environment (Hannak, Kompatscher, Stachowitsch, 
& Herler, 2011; Leujak & Ormond, 2008a; Leujak & Ormond, 2008b; Rouphael & Inglis, 
2001, 2002), users, operators and the local community (Brunnschweiler, 2010; Diedrich, 
2007; Dixon, Scura, & van't Hof, 1993). 
Recreational activities such as snorkelling are commonly permitted in MPAs. Tourism, 
leisure, and recreation have paradoxically become important in protected areas as they 
provide a multi-dimensional exchange by fostering community support for conservation 
through access, education, and mental and physical benefits (Moyle & Weiler, 2016, p. 
91; Voyer, Gollan, Barclay, & Gladstone, 2015). In Western Australia, public access for 
these purposes is circumscribed in legislation (Biodiversity Conservation Act 2016 (WA), 
Conservation and Land Management Act 1984 (WA)) which specifies that protected 
areas allow recreation activities which are consistent with conservation goals. Recreation 
and tourism within protected areas can also provide revenue which contributes to funding 
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for maintenance and conservation, as well as ‘spill over’ economic benefits to the wider 
community (Bennett & Dearden, 2014). 
Recreational and tourism-based activities that are widely considered compatible with 
protected areas are typically non-extractive. However, that an activity is non-extractive is 
not necessarily concomitant with its being non-impacting; this fact can result in a range 
of issues including environmental degradation and faunal disturbance (Milazzo et al., 
2002). Concerns over the impacts of the recreational use of MPAs began to garner notice 
in the 1970s as various Caribbean islands experienced growth in their tourism industry 
(Marion & Rogers, 1994; Rogers, McLain, & Zullo, 1988). As this literature review 
demonstrates, significant attention has been paid to the study of damaging behaviours and 
the impacts associated with recreational activities within MPAs, with specific focus on 
the cohort of recreational snorkellers. These studies tended to concentrate on quantifying 
behaviours and effects, with little research focusing on questioning the causes of 
negatively impacting behaviours beyond diver ability and diver knowledge. Limited 
research has been found which focuses on the underlying drivers of commonly observed 
damaging behaviours. In this literature review I advocate an approach that seeks to 
understand the underlying drivers of the damaging behaviours of snorkellers as a more 
effective means of targeting future management approaches. 
For the purposes of this review I have limited the scope to snorkeller-related literature. 
Despite the abundance of SCUBA diver behaviour literature (Medio, Ormond, & Pearson, 
1997; Ong & Musa, 2011; Pendleton, 1994; Rouphael & Inglis, 1997, 2002) and the 
superficial similarities between the two activities relative to context, there are also 
significant differences. SCUBA typically requires a minimal degree of training where 
information on behavioural etiquette and the diving environment is provided; some have 
nevertheless argued that the use of SCUBA-specific equipment increases reef access and 
thus the damage potential of this activity (Meyer & Holland, 2008). SCUBA divers can 
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reach deeper areas and get ‘up close and personal’ with nature, while snorkellers are 
typically confined to the surface where they merely float and observe. Overall, 
snorkelling is widely considered a more casual activity, available to anyone who can 
access a snorkel mask (fins are not necessary) and can include people with only a limited 
swimming ability. It is this easy access and open cohort which engenders part of the 
activity’s potential to damage marine environments.  
 Marine Protected Area Use 
Marine Protected Areas (MPAs) are delineated zones in the marine environment that are 
protected for a range of reasons, including biodiversity conservation, species protection, 
and for economic reasons (IUCN, 2020a). The World Wide Fund for Nature defines 
MPAs as “[a]reas designated and effectively managed to protect marine ecosystems, 
processes, habitats and species, which can contribute to the restoration and replenishment 
of resources for social, economic, and cultural enrichment.” (Reuchlin-Hugenholtz & 
McKenzie, 2015, p. 5). MPAs vary according to their levels of protection and the 
activities permitted within them, often described using the IUCN Protected Area 
Categories. They can range from limited human access and ‘No Take’ policies to the 
regulated use of natural resources including tourism and extractive activities such as 
fishing, depending on the management objectives (IUCN, 2020b). This has, however, 
also led to a range of contentions over how and where they are located, the activities 
permitted and restricted within them, and their actual effectiveness for achieving stated 
management objectives (Agardy, di Sciara, & Christie, 2011; Bennett & Dearden, 2014; 
Cinner et al., 2018; Cosquer et al., 2019).  
2.2.1 Social Complexity in MPAs 
As a human construct, MPAs are no less subject to the plethora of shortcomings 
characteristic of human nature. Agardy et al. (2011) analysed the shortcomings of MPAs 
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globally and divided them into five main categories: 1) being ecologically insufficient 
due to inadequate size or poor design; 2) reflecting inappropriate planning or 
management; 3) manifesting flow-on effects of degradation of surrounding ecosystems; 
4) suffering due to displacement and unintended consequences; and 5) giving misleading 
illusions of protection. Bennett and Dearden (2014) echo these sentiments, highlighting 
the significance of quality inputs in the three areas of governance, management, and local 
development. They essentially state that both the ecological and socio-economic success 
of MPAs hinge on the quality of inputs—you get as good as you give (Bennett & Dearden, 
2014). While the value and importance of MPAs as a conservation tool is widely 
acknowledged, the adequacy of their implementation and the failure to sufficiently 
consider social needs has compounding effects.  
As Christie (2004) discusses, ‘having it all’ can be a much-maligned goal. This was 
demonstrated in a study of the lower socio-economic areas of the Philippines and 
Indonesia, where ecological outcomes were favoured over and in turn undermined by 
local social issues (Christie, 2004). Christie highlights how complex social dynamics 
(such as those between local fishers, tour operators from more affluent areas, and 
empowered governmental agencies) were insufficiently incorporated or managed; this 
resulted in a culture of distrust and subversion which ultimately undermined what he 
describes as the ‘biological success’ of the MPAs (Christie, 2004). Christie (2004) 
suggests that understanding and incorporating social complexities is imperative, 
especially where such user conflicts can lead to adverse outcomes like conflicts between 
fishers, dive-operators and fishers-cum-poachers in ‘no take’ zones. Singleton (2009) 
identified a similar theme of failings in North America (Washington State and British 
Colombia), where MPA planning failed to address the social complexity imbedded in 
planning and development. She suggests that equality of voice for stakeholders as a whole 
in the planning and development processes has resulted in maldistribution of rights and 
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access, which most significantly effects First Nations people (Singleton, 2009). Common 
to both Christie (2004) and Singleton (2009) is the finding that those MPAs which 
inappropriately or ineffectively consider the disproportionate burden of their designation 
upon key user groups (stakeholders) will likely suffer a form of self-immolation. A 
common theme identified by Agardy et al. (2003, p. 359) is one where cultural connection 
and identity tied to the marine environment comes into conflict with MPA designation; 
this notwithstanding, it was found that multiple-use zoning can be a useful tool for 
resolving these conflicts between users. 
2.2.2 Multiple-Uses and Zonation in MPAs 
Many marine parks take a multiple-use approach which, as its name suggests, allows a 
range of activities (including some extractive activities) in defined zones as a means of 
meeting the needs and wants of a diverse range of users. There has, however, been 
considerable disagreement over the validity of this approach and its potential to interfere 
with the primary conservation focus of MPAs. Costello and Ballantine (2015) argue that 
since fishing is allowed in 94% of MPAs, the prolific designation of MPAs appears to be 
reflective more of a culture in favour of regulation of resources than a culture of 
conservation of biodiversity. Punt, Weikard, Groeneveld, Van Ierland, and Stel (2010) 
use game theory to analyse fisheries in MPAs and find that, with too narrow a focus on a 
single objective, management was likely to undermine other objectives. This point is oft-
cited since MPAs tend to have a range of users; such a range renders a single exclusionary 
goal untenable. Toonen et al. (2013) argue in their discussion of large-scale MPAs (such 
as those in the Big Ocean network), that multiple-use zones can be necessary to meet 
human needs while also providing protections, especially for ocean nations which derive 
much of their income from the seas. Agardy et al. (2003) suggest that while some prefer 
to argue that strict ‘no-take’ MPAs are the only legitimate MPAs, this approach is in many 
settings simply not feasible. They advocate that multiple-use zoning of protected areas 
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can be an effective way of ensuring that core areas are unimpacted whilst allowing a range 
of uses; this in turn fosters support for the MPA as a whole (Agardy, 1993). MPAs have 
been argued for by some to have had success apropos of the implementation of multiple-
use zoning that allows or even caters for recreational uses (Agardy, 1993; Agardy et al., 
2003; Smallwood et al., 2012). 
 MPA Recreation as Nature-Based tourism 
Multiple-use MPAs have afforded opportunities for alternative livelihoods and uses 
which compliment MPA conservation goals (Bennett & Dearden, 2014; Dixon et al., 
1993). Tourism and recreation are among the most-widely permitted activities in 
multiple-use MPAs and are now a major use of those MPAs worldwide which intend to 
allow economic opportunities whilst simultaneously achieving conservation goals 
(Diedrich, 2007; Dixon et al., 1993; Hynes, Ghermandi, Norton, & Williams, 2018). 
However, literature discussing the recreational uses of MPAs has tended to draw similar 
conclusions regarding how recreational use has come into conflict with management 
goals, particularly regarding issues arising from and between stakeholders. 
Some suggest that recreation is among the most appropriate uses of MPAs. Cisneros-
Montemayor and Sumaila (2010) looked at the rates of participation, expenditure and 
employment as they relate to three marine recreational activities—fishing, diving and 
whale-watching—in order to determine their economic and social benefits. They 
comment that “Healthy ecosystems with abundant life are not only good in ecological 
terms, but are directly related to human activities that create economic benefits” 
(Cisneros-Montemayor & Sumaila, 2010, p. 255). The merit of this assertion is supported 
by several other studies, such as that by Brunnschweiler (2010) on the development and 
implementation of the small MPA Shark Reef Marine Reserve in Fiji. He purports that 
the MPA development method and implementation are linked to improved ecological and 
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social conditions due to a shift toward the dominance of non-extractive tourism-based 
activities over fishing activities in this MPA (Brunnschweiler, 2010). The site of the Shark 
Reef Marine Reserve MPA is however privileged in some ways given the pre-existing 
tourism market in Fiji and specific interest in diving at the site. Nevertheless, this is 
indicative of how effective development and implementation, with specific consideration 
for social contexts, can produce beneficial outcomes where there is specific consideration 
given to the stakeholders.  
Despite the stories of success, nature-based tourism is not a panacea for MPA problems. 
The study by Dixon et al. (1993) on the implementation of the Bonaire Marine Park in 
the Caribbean exemplifies how stakeholder resistance can undermine the objectives of an 
MPA. Like Shark Reef, the Bonaire Marine Park (BMP) was also already a destination 
popular tourist with SCUBA enthusiasts when the process of establishing it as a 
recognised protected area began in the early 1980s (Dixon et al., 1993). However, by the 
mid-1980s the BMP was essentially a ‘paper park’ with limited funding, patrolling, and 
enforcement of laws, education, and research (Dixon et al., 1993, p. 119). This lack of 
management and increasing dive usership raised concerns about site degradation. 
Funding issues persisted for much of the early life of the park due to stakeholders resisting 
the implementation of a user fee, despite contingent valuation visitor surveys showing 
that 92% of respondents saw the fee as reasonable and were willing to pay for access to 
the BMP (Dixon et al., 1993, p. 123). Stakeholder support is evidently key in the success 
of tourism as a tool for conservation in marine protected areas. A strong correlation 
between tourism and conservation support and awareness was found in the study of 
perceptions of locals in five coastal communities in Belize by Diedrich (2007), with many 
people seeing healthy corals as key to tourism and the inherent economic benefits that 
tourism brings. This issue of the social element apropos of the success of MPAs is 
highlighted in the review by Christie (2004) of four marine protected areas in Southeast 
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Asia. Issues of mistrust, unequal power dynamics (whether perceived or real) and 
distribution of economic benefits (again either perceived or real) have had a considerable 
impact on the effectiveness of the reviewed MPAs (Christie, 2004). Adequate planning, 
implementation and enforcement appear to be fundamental to the success of MPAs.  
The planning of the Jervis Bay Marine Park on the south-east coast of Australia stands as 
an example of the value and benefit of stakeholder engagement in planning for and 
consequently reducing issues of recreational user conflict (Lynch et al., 2004). Zoning 
was implemented to protect the endangered grey nurse shark and limit negative 
interactions between divers and fishermen (Lynch et al., 2004). Rees et al. (2015) looked 
at the impact of an MPA designation of Lyme Bay in the south west of the UK for changes 
in recreational activities (diving, diver-operators, anglers and charter boat operators) from 
2008-2011 and found an increase in activities within the MPA, which they linked to 
inherent economic benefits. The key point they make, however, which supports the 
assertion by Brunnschweiler (2010) regarding the importance of stakeholder engagement, 
is that typically, MPAs more successfully achieve their aims when a diversity of 
stakeholders are included in the management process. Studies by both Rees et al. (2015) 
and Brunnschweiler (2010) refer back to the shortcomings listed in Agardy et al. (2011, 
p. 227), with many MPAs doomed by inadequate stakeholder engagement (i.e. either too 
little or too late). Using the example of the Ningaloo Marine Park in Australia, Cvitanovic 
et al. (2018) found that community support for the MPA and trust in the local managers 
was enhanced by local support for scientific research. They suggest that this support is in 
part fostered by perceived social and environmental outcomes consequent to management 
decisions informed by scientific research (Cvitanovic et al., 2018). As is the case with 
many MPAs, the Ningaloo Marine Park is highly valued for its environmental assets, with 
nature-based tourism playing an important role in the region’s economy (Jones et al., 
2011). A key draw card for visitors is the Ningaloo Reef, a fringing reef readily that is 
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accessible directly from the shore and stretches along the coast for approximately 300 
kilometres. Like many coastal coral-dominated MPAs, snorkelling is rated as the most 
important recreational activity by visitors, followed by sightseeing, beach activities, and 
fishing (Jones et al., 2011; Smallwood & Beckley, 2012). 
 Snorkelling Recreation in MPAs 
Snorkelling is a popular recreational activity that is commonly associated with tourism in 
coastal and coral dominant MPAs. As a marine recreational activity, snorkelling is reliant 
on and benefits from a healthy ecosystem (Cisneros-Montemayor & Sumaila, 2010). 
Snorkelling is one of a range of activities which fall under the umbrella of ‘Nature-based 
tourism’ according to Agardy (1993), who maintains that although nature-based tourism 
is likely more compatible with marine protected area values than other activities, it still 
requires management as nature-based tourism has the capacity to go awry and negatively 
impact the receiving environment (Agardy, 1993). Snorkelling has the potential to impact 
the environment in a range of ways which stems from both exogenous and endogenous 
sources and are contingent upon the characteristics of the site being snorkelled and the 
characteristics of the snorkellers. The literature on snorkelling in MPAs tends to fall under 
one or more of the following themes: site characteristics, snorkeller behaviours, 
perceptions, attitudes and ability/competence. 
2.4.1 Site Characteristics 
The vulnerability of a site to snorkelling is dictated by a range of interacting factors. The 
factors found to be most commonly cited include the type of entry (shore versus boat), 
the water depth of the corals, and the types of corals present at the site. These factors have 
been widely discussed as contributors to the types and level of impacts that recreational 
snorkellers can have.  
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2.4.1.1 Site Entry Type 
Means of entry to a site has been identified as a contributor to the level of impact that 
recreational snorkelling is likely to have. Several studies have identified that coral cover 
is often reduced due to trampling and sedimentation at sites with direct access from shore. 
Leujak and Ormond (2008a) looked at trampling intensities as part of their study of 
impacts of visitors to the Red Sea Flats in Egypt. They found that visitors typically 
accessed the reef for snorkelling or diving by first walking over the reef flat (in shoes or 
flippers) which they correlated with their finding of reduced coral cover in those areas. A 
similar assertion is made by Meyer and Holland (2008) in their study of snorkeller and 
diver impacts on Hawaiian MPAs. They found that activities (snorkelling, diving) which 
originated from a boat had a lower impact when compared to those that originated directly 
from the shore (Meyer & Holland, 2008, p. 211). They attributed the higher impact of 
shore-based entry to visitors wading into the water, with substrate contact being therefore 
largely unavoidable (Meyer & Holland, 2008, p. 213). However, Meyer and Holland 
(2008) based their estimates of impact on usage without quantitative measurement of the 
physical impact that snorkellers made to the substrate, while Leujak and Ormond (2008a) 
conducted analyses of the physical impacts to the reef including measures of the level of 
breakage and sedimentation. Juhasz, Ho, Bender, and Fong (2010) looked specifically at 
the effect of beach use by visitors on fringing reefs. They studied fringing reefs which 
could be easily accessed from the shore; from their findings they concluded that higher 
use correlates with lower coral cover. Again, the findings in Juhasz et al. (2010), although 
limited in sample, does add credence to this notion that reefs which are easily accessible 
directly from the shore such as reef flats and fringing reefs are potentially impacted by 
visitor usage. Hannak et al. (2011) found that damage to an area near Napoleon Reef, a 
fringing reef in the Red Sea, could be in part attributed to a range of activities, many of 
which involve shore access (p. 2732). Ningaloo Reef is another example of a fringing reef 
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popular with snorkelling which can be accessed direct from the shore, as the corals are 
present within short swimming distance it is similarly positioned to be susceptible to 
damage (Jones et al., 2011; Kobryn, Wouters, & Beckley, 2011). It can be argued that, 
by their very nature, fringing reefs are more susceptible to impacts from snorkellers than 
other reefs (such as barrier reefs or atolls) which are not so readily accessible. 
2.4.1.2 Site Water Depth 
In addition to ease of access to corals, the depth of the water at a site has been observed 
to play a role. It is broadly agreed that water depth inherently influences the likelihood of 
contacts (Hannak et al., 2011; Meyer & Holland, 2008; Rodgers & Cox, 2003). 
Snorkelling for the most part involves floating along the surface; contact with corals is 
therefore influenced by the distance between the snorkeller on the surface and the corals 
below. It logically follows that shallow waters are more conducive to snorkellers making 
contact with the corals. Meyer and Holland (2008) found low damage by snorkellers at 
sites heavily visited by tourists in Hawaii and deduce that because the water at the study 
sites was deep and snorkellers tended to float on top, their opportunity for contacts is 
reduced (p. 214). Plathong, Inglis, and Huber (2000) found in their study of snorkelling 
trails on the Great Barrier Reef that even less resistant species of corals such as foliose 
and branching Acropora species were less susceptible to damage from snorkellers when 
they occurred at depths of 1.5–2 metres, in comparison to when they occurred on the 
shallower reef flats (p. 1828). Correspondingly, Hannak et al. (2011) found that at their 
study sites on the Red Sea, reefs of depths less than two metres were more vulnerable to 
contacts since visitors would traverse these areas for snorkelling, diving, reef walking and 
net fishing. These studies collectively highlight the buffering role which water depth 
plays with respect to contacts. Snorkellers were a noted source of impact to the reef flats 
because their swimming over the reef flat would cause resuspension of sediments, as well 
as their kicking and standing on the corals themselves (Hannak et al., 2011, p. 2730).  
18 
 
In addition to the heightened risk of damage by direct contacts brought by shallower 
depths is the issue of raised sediments. Based on their own observations of the behaviours 
and effects of visitors to the northern beaches of Moorea, Juhasz et al. (2010) raise 
sedimentation as a potential harm caused by snorkellers. They cite the work by Neil 
(1990) on the effects of sedimentation conducted on the Heron Island reef flat at the Great 
Barrier Reef. The suggestion here is that in shallow waters, reef walkers and snorkellers 
can resuspend sediments; coral can become smothered, which inhibits their biological 
processes. Hannak et al. (2011) also raised sedimentation as an issue that affects coral 
health, with those corals closer to the sandy shore being more vulnerable to stresses as 
related to resuspended sediments. 
2.4.1.3 Coral Types Present 
The coral types present is also a factor which has been observed to contribute to the site’s 
overall vulnerability; the presence of more fragile or sensitive species in snorkeller 
accessible areas provide opportunity for damage. Juhasz et al. (2010) found that 
branching corals are a more vulnerable than plate or massive corals to physical damage 
by snorkellers. Hannak et al. (2011) identified that branching coral species (Acropora) 
were the most frequently broken. Nestor et al. (2018) also found in their observations that 
thin branching corals were the most readily damaged. Plathong et al. (2000) noted that, 
when compared to corals with erect morphologies like branching corals, those with more 
robust growth forms such as massive and encrusting corals had the greatest resistance to 
snorkeller contacts. This finding is supported by Hannak et al. (2011), who had very 
similar findings of the branching corals at their study sites at the Red Sea. Rogers et al. 
(1988) indicated careless snorkellers as a main cause of damage to Elkhorn corals in their 
study of damages to corals in the Caribbean (p. 406). It is evident from the findings of 
these authors that in areas accessible to snorkeller contact, corals with fragile and 
branching morphologies are the most at risk to damage. Interestingly, although limited 
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discussion of the effect of snorkellers on soft corals was found, the comment has been 
made as to their tolerance of mechanical stress in several studies (Plathong et al., 2000; 
Riegl & Riegl, 1996; Roman, Dearden, & Rollins, 2007; Rouphael & Inglis, 2002). 
Leujak and Ormond (2008b), however, found instances where whole colonies of soft 
corals (xeniids and Litophyton spp.) became detached due to trampling.  
2.4.2 Snorkeller Ability/Competence  
Snorkeller ability was highlighted by the assertion in Allison (1996) that less competent 
snorkellers were more often observed breaking corals than those who appeared competent 
(p. 216). This point has been cited by other studies since (Barker, 2003; Meyer & Holland, 
2008). Despite the apparent significance of snorkeller ability on damage potential, this 
variable has received little investigation, being limited largely to measures of self-
reporting.  
2.4.2.1 Damage and Ability 
Allison (1996) noted that damage typically occurred as snorkellers kicked or stood on the 
corals, stating that contact rates were higher for those who appeared, as described, “ill-at-
ease” (p. 216). By contrast, while Nestor et al. (2018) observed snorkellers making 
contact with the corals and causing damages, they neglected to comment on any 
observable difference in ability. There is a similar shortcoming in the study by Meyer and 
Holland (2008), where snorkellers were actively followed and their behaviour recorded 
(including number of contacts), but no information about observed ability was collected 
or discussed. Rogers et al. (1988) blamed careless or inexperienced snorkellers for evident 
damages (broken corals) in shallow waters (p. 407) despite having not explicitly recorded 
observations of such behaviours. It is obvious that despite snorkellers of lower 




2.4.2.2 Self-Reported/Assessed Ability 
Several studies have measured ability by self-reported assessment in a variety of ways. 
Leujak and Ormond (2007) assessed snorkelling ability by asking respondents to report, 
on a scale of never to more than three times, how often they had previously snorkelled 
and to self-rate their snorkelling ability on a five-point scale, from very good to no skills 
(p. 474). They found that frequency of snorkelling did not correlate well with self-
reported skill, as some who snorkelled little rated their own skills high, while some who 
had snorkelled a lot rated their skills low (Leujak & Ormond, 2007, p. 486). Leujak and 
Ormond (2007) concluded that a respondent’s subjective self-judgement was not likely 
to be an accurate reflection of their actual skills. Comparatively Hannak et al. (2011) 
asked respondents to self-assess their snorkelling ability as only either beginner or 
advanced and received almost equal responses for each, with 48.7% beginners and 51.3% 
advanced (p. 2728). Den Haring and Sutton (2019) took a more detailed approach to 
assessing ability by using bipolar 7-point Likert-scaled questions asking them to rate their 
confidence in their swimming ability, use of the snorkelling equipment and their 
perceived behavioural control when snorkelling. They found mostly positive responses, 
with most people having at least some confidence in their swimming and snorkelling 
abilities and control (Den Haring & Sutton, 2019, p. 8). However, they also found a 
significant difference between the self-reported rates of contacts by snorkellers and their 
observed rates of contacts (Den Haring & Sutton, 2019, p. 10). Barker (2003) attempted 
to measure experience by asking snorkellers if it was their first-time snorkelling, if they 
were members of environmental organisations or read marine life articles, finding that 
these had no influence on contact rates. Her intuitive argument that knowledge or 
awareness (being a member of environmental organisations or reading marine life 
articles) has an influence on in-water ability is not elaborated on or supported. What these 
findings indicate is that although swimming or snorkelling ability can be measured using 
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self-assessment (and is often the only means available), it must be interpreted in context 
and with a critical eye.  
2.4.3 Snorkeller Attitudes 
Behaviour is widely agreed to be influenced by the attitude (positive or negative) held 
towards a behaviour (Ajzen & Driver, 1992; Corraliza & Berenguer, 2000; Friedkin, 
2010; Hannak et al., 2011; Juvan & Dolnicar, 2017). Den Haring (2016) measured attitude 
using both direct and indirect measures and found that in general respondents in their 
study had a positive attitude towards snorkelling (p. 8). Voyer et al. (2015) found people 
often associated snorkelling (among a range of coastal and marine activities) with the 
benefits of fitness, mental health and wellbeing. They found that part of this positive 
attitude towards the behaviours was its setting in the marine environment which was cited 
by respondents as a place of relaxation or reflection (Voyer et al., 2015, p. 97). They also 
found that snorkelling, as a more ‘classic’ marine recreational activity (in contrast to say, 
jet skis), was considered an acceptable behaviour in a marine protected area (Voyer et al., 
2015, p. 100). In the study by Shafer, Inglis, Johnson, and Marshall (1998), respondents 
rated the experience of nature as highly important, which is indicative of a positive 
attitude towards the behaviour of snorkelling, especially in light of the higher rated 
benefits which snorkellers derived from their experience than those who had been on the 
tour and not snorkelled (p. 53). Hannak et al. (2011) similarly found that nature and 
recreation were the most significant motivation for snorkelling, which is suggestive of 
the pro-behaviour attitude which respondents likely held. Where attitude is an influencing 
factor on behavioural intention, a positive association with the outcome of the behaviour, 
such as experiencing nature and/or relaxing, appears a likely antecedent.  
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2.4.4 Snorkeller Knowledge 
As a non-specialised recreational activity, there is typically little or no requisite that 
participants engage in specific education or training. Knowledge, however, may have an 
influence on snorkeller behaviours. Knowledge of corals and reef as a variable has been 
investigated by several studies in an attempt to create a more holistic understanding of 
snorkellers and their experience (Hannak et al., 2011; Leujak & Ormond, 2007; Shafer & 
Inglis, 2000). Hannak et al. (2011) asked snorkellers about the source of their knowledge 
of reef ecology (university, diver-education, technical literature, conversations with other 
snorkellers, or no previous knowledge). They provided limited interpretation of the 
results of this question, stating that while only 10.4% had no previous knowledge of reef 
ecology, the majority did have some awareness of the potential threats to reef health 
(including physical contacts and sedimentation) (Hannak et al., 2011, p. 2731). 
Interestingly, Leujak and Ormond (2007) found that visitors with less knowledge of reef 
biology tended to rate the quality of the sites higher than those with greater knowledge. 
Knowledge of coral reefs may therefore play a role in the experience of snorkellers and 
how they perceive impacts. Webler and Jakubowski (2016) observed snorkeller 
behaviours of groups who had and had not received information about behaviour and 
found a reduction in damaging behaviours in those who did receive information. 
Similarly, Den Haring (2016) found that snorkellers who received interpretative 
information on behaviours and impacts exhibited greater instances of pro-environmental 
behaviours than those who did not. What may be derived from the findings of these 
literature is that knowledge gained in the context of the activity may influence behaviour. 
2.4.5 Snorkeller Perceptions 
In addition to the behaviours and impacts of snorkellers, some studies have also looked 
at the perceptions of snorkellers. According to the literature, perceptions can be taken to 
mean the views, beliefs, thoughts or values held by the respondent snorkellers. The types 
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of perceptions included in these studies have been related to perceptions of personal 
benefits and naturalness of the sites, and of reef quality (Brander, Van Beukering, & 
Cesar, 2007; Hannak et al., 2011; Shafer & Inglis, 2000).  
2.4.5.1 Perceived Benefits of Experience and Naturalness 
Shafer and Inglis (2000) asked respondents to rate the benefits which their experience at 
the reef provided and found that experience of nature items (which included experiencing 
the beauty of nature, being in a natural place, experiencing an undeveloped environment) 
were consistently rated higher than all other types of benefits (p. 78). They also found 
that the natural features of coral reefs had a significant positive influence on snorkeller 
experience (Shafer & Inglis, 2000, p. 79). Davis, Banks, Birtles, Valentine, and Cuthill 
(1997), in their study of visitors who snorkelled with whale sharks in the Ningaloo Marine 
Park, identified the recreational activity as having ‘intrinsic’ motivations, similar to what 
Shafer and Inglis (2000) found with respondents on the Great Barrier Reef. In both 
studies, the site and the activity’s ‘naturalness’ was a significant component of the ranked 
level of satisfaction. Experiencing nature was also the most significant motivation for 
snorkellers in the study by Hannak et al. (2011). Despite the obvious difference in activity 
focus (whale sharks and coral reefs), these studies highlight the value which recreational 
snorkellers place on the perceived naturalness of their experience in marine protected 
areas. Brander et al. (2007), in the conclusions to their meta-analysis on the recreational 
value of coral reefs, lend further support to this notion. They found that one of the two 
most important findings was reef visitor’s desire to experience unfettered nature (Brander 
et al., 2007). It is evident from the literature that the experience of nature is both an 
inspiration for and benefit of snorkelling in MPAs. 
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2.4.5.2 Perceptions of Reef Quality 
Some authors have noted the broad positive perception of the reef by recreational 
snorkellers (Hannak et al., 2011; Shafer & Inglis, 2000). This positivity may be influenced 
by their perceptions of its quality, which may in turn be moderated by their expectations 
or beliefs, but not necessarily based on actual knowledge or experience. This proves 
interesting when considered in the light of the findings by Kragt et al. (2009) of a 
correlation between hypothetical reef degradation and a reduction in trip (to the reef) 
demand, inasmuch as it is possible that where snorkellers are unable to determine reef 
quality, their perceptions will tend towards an inherent positivity. Leujak and Ormond 
(2007) asked snorkellers to rate the quality of the reef (from very healthy to poor) and 
identify the reason for this perception (e.g. too few corals or fish). They found that most 
people rated the reef quality as good to very good and of those who did not, coral damage 
was cited as the most common reason, followed by too few large fish (Leujak & Ormond, 
2007, pp. 480-481). These conclusions however are contradicted by the findings of 
Roman et al. (2007), who surveyed snorkellers visiting several sites of differing rates of 
coral mortality and diversity in Koh Chang National Marine Park, Thailand. They found 
that snorkellers tended to rate sites of lower coral mortality and higher diversity as 
providing greater satisfaction (and vice versa) (Roman et al., 2007, p. 823). This 
interpretation of the results may be considered too narrow a reading however when 
considering that intermediate satisfaction was correlated with low mortality and 
intermediate variability, suggesting that mortality may not have been the most significant 
influencing factor on satisfaction. What the literature suggests is that snorkellers pursue 
the activity with the intention of engaging with nature and take a positive view (in terms 
of personal benefits) of the environment which they encounter. 
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2.4.6 Snorkeller Behaviours 
Snorkelling as a recreational activity requires little prior experience or preparation; 
anyone with basic swimming ability and access to the necessary equipment can snorkel. 
Unlike SCUBA diving, snorkelling does not require participants to undertake any kind of 
formal course, a point highlighted by Allison (1996, p. 216) and reiterated by Den Haring 
and Sutton (2019). Several studies have looked at the behaviours of snorkellers and 
highlighted a range of damaging behaviours such as kicking, standing, sitting, grabbing, 
brushing and sedimentation. Despite these behaviours spanning both time and geography, 
they remain common in their observations. 
2.4.6.1 Ignorance 
In the spirit of Hanlon’s Razor, several authors have suggested that visitor behaviours 
which result in negative impacts are due not to malicious intent but rather to a lack of 
knowledge or awareness of the potential impacts upon the receiving environment 
(Allison, 1996; Barker, 2003; Den Haring & Sutton, 2019). Furthermore, Barker (2003) 
recorded whether she thought contacts had been intentional or not and found that the 
majority of the contacts observed did appear to be unintentional. Webler and Jakubowski 
(2016) noted that although snorkellers contacts were largely unintentional, for those who 
had signed a pledge to adhere to a snorkelling etiquette (outlined in a briefing video they 
watched), the rates of impacting behaviours reduced. The authors associated this 
reduction with the increased awareness of the snorkellers of their behaviours and potential 
impacts (Webler & Jakubowski, 2016). This study by Webler and Jakubowski (2016) 
lends credence to this concept that, where snorkellers are unaware of the behaviours 
which cause damage, they are therefore less capable of avoiding such behaviours. 
Interestingly, Phillips (2018) found that although most of the contacts were intentional 
(standing on corals) there was no noted information that guides visitors to be conscious 
of not making contact with the corals (p. 72). The effect of ignorance is exemplified by 
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the findings of Den Haring (2012), who compared the behaviours of groups of snorkellers 
who either had or had not received interpretative information on the environment and 
impacts. They found that overall the group which had received information exhibited 
more appropriate (i.e. non-impacting) behaviours (Den Haring, 2012). What these authors 
suggest is that the lack of training or information given to snorkellers prior to engaging 
in the activity is a likely contributor to their damaging behaviour, as it is driven by 
ignorance rather than any specific intention to cause damage.  
2.4.6.2 Kicking/Standing on Corals 
In his seminal work on snorkeller damage in the Maldives, Allison (1996) observed that 
many breakage events were due to snorkellers kicking or standing on the corals. Fin kicks 
have been repeatedly highlighted in the studies which looked at snorkeller behaviours as 
a primary cause of damage to corals (Barker, 2003; Den Haring & Sutton, 2019; Hannak 
et al., 2011; Nestor et al., 2018; Webler & Jakubowski, 2016; Wiener et al., 2009). Barker 
(2003) found that 97% of observed contacts involved snorkeller’s fins (p. 71). Webler 
and Jakubowski (2016) likewise found fin kicks to be the most common potentially 
damaging behaviour, which they suggest is the consequence of the additional length that 
fins provide (p. 227). In Phillips (2018) study, contact rates were lower than those 
compared with the Webler and Jakubowski (2016) study. Phillips (2018) suggested that 
this may be because the snorkellers observed in his study typically did not wear fins (p. 
72) and therefore, despite the shallow depths where the study was located at Koh Sak, 
Thailand, the reduced length and sense of vulnerability of bare feet may have contributed 
to lower contact rates. This finding of lower contact rates in the absence of fins lends 
support to the argument supported by the findings of these other studies. Webler and 
Jakubowski (2016) suggest that the fin contacts could be attributed to inexperience and 
poor control when manoeuvring, which renders contacts accidental and in turn links back 
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to the much-cited assertion in Allison (1996) that snorkellers of poorer ability cause more 
damage. 
Standing on or sitting on corals is another damaging behaviour that is commonly cited in 
the literature. Snorkellers who were observed to stand on corals were commonly in groups 
and engaging in conversation or adjusting their equipment (Plathong et al., 2000; Webler 
& Jakubowski, 2016). Rogers et al. (1988) notes that common causes of snorkeller 
damages include standing on corals, bumping into them or overturning colonies to look 
for lobsters (p. 407). Webler and Jakubowski (2016) and Plathong et al. (2000) both found 
that snorkellers engage in more damaging behaviours when in groups, for example they 
often stood on the corals to chat with other snorkellers. By contrast, Phillips (2018) found 
no effect of group size on contact rates, but rather that the presence of a guide (who would 
readily make contact and encourage others to) did have an effect on the visitor’s readiness 
to make contact with the corals (p. 71). 
2.4.6.3 Trampling 
Trampling is an issue largely related to depth and has been raised by several authors. 
Rodgers and Cox (2003) found a pattern of decreasing coral cover commensurate with 
increasing human use levels in their study in Hawaii, which looked specifically at the 
issue of trampling. This finding is echoed by Leujak and Ormond (2008a) in a similar 
study of trampling on coral reefs in Egypt’s popular Red Sea reef flats. Rodgers and Cox 
(2003, p. 388) draw the conclusion that coral colonies that inhabit deeper waters or in 
crevices are less impacted by higher rates of visitation since there is less opportunity for 
trampling impacts to occur. What this suggests is that where corals are out of easy reach 
of humans, they have greater likelihood of survival despite the rates of visitation. The 
study by Hannak et al. (2011) of the Red Sea reef flats adds further support to this, and 
Barker (2003) again made a similar finding that shallow waters increase the likelihood of 
snorkeller contacts and thus damage to corals (p. 60). 
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2.4.6.4 Behavioural Etiquette Dissemination and Enforcement by 
Guides  
The role of tour guides, operators, and relevant authorities in enforcing codes of behaviour 
are also influencing factors is noted by several studies. Hannak et al. (2011) found that 
most (> 80%) respondents agreed with statements that it is sensible to offer education and 
information on the environment and snorkelling skills prior to visiting a snorkelling trail 
(p. 2729). This is indicative of a desire to engage in responsible behaviour. Phillips (2018) 
recorded no instances of guides intervening when snorkellers made contacts with the 
corals; further to this, he observed that the guides themselves frequently displayed non-
compliant behaviour (standing on corals, touching corals and organisms) and encouraged 
snorkellers to also engage in these behaviours (p. 69). Interestingly he noted that 
snorkellers were reticent to make contacts with the corals when further away from the 
guides (Phillips, 2018). This stands in distinct contrasts with tour operators in Puerto 
Rico, who were seen to actively intervene when snorkellers made contacts with the reef 
(Webler & Jakubowski, 2016, p. 227). Webler and Jakubowski (2016) also noted that all 
of the tour operators on which they conducted their study included a briefing to 
snorkellers with instruction for ‘proper reef etiquette’ (p. 227). However, merely issuing 
codes of behaviour does not necessarily entail enforcement, as Wiener et al. (2009) found 
tour operators ‘turning a blind eye’ to behaviour contrary to the mandated behavioural 
codes. Similar to the findings of Phillips (2018), Wiener et al. (2009) also observed guides 
actively harassing organisms (such as sea urchins) for the viewing pleasure of visitors. 
The findings of these studies speak to an issue with the culture of enforcing codes of 
behaviour which may interfere with the commercial viability of the marine tourism 
industry, a point which Wiener et al. (2009) themselves identify. It is evident from the 
literature that the appropriate use of a Marine Protected Area is influenced by the effective 
enforcement of adequate controls to limit the impacts of users. 
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 Management of Snorkellers in MPAs 
Critical to the appropriate use of MPAs for recreational snorkelling is management. 
Suggested management responses have included snorkelling trails, which are placed in 
areas where the water is deep (>2 metres) (Plathong et al., 2000; Rangel et al., 2015) or 
restricted to areas with more robust, damage-tolerant coral species (Hannak et al., 2011; 
Meyer & Holland, 2008; Roman et al., 2007). Some have suggested that snorkelling trails 
are useful not only for confining the distribution of snorkeller damage, but also for 
increasing opportunities for knowledge dissemination. Claudet, Lenfant, and Schrimm 
(2010) suggested that the presence of signs at the beginning of trails which inform 
snorkellers of damaging behaviours and impacts may have influenced the low rates of 
damages found in their study. Rangel et al. (2015) found that snorkellers had a positive 
perception of snorkelling trails, with snorkellers deeming the information provided en 
route to be important and useful. They also suggested that the presence of buoys which 
snorkellers could hold onto helped reduce instances of trampling (Rangel et al., 2015). 
Similarly Plathong et al. (2000) suggested floating rest-stations and interpretative 
material as a damage mitigation method. They also suggested that periodic rotation of 
trails could be useful to allow sites to regenerate (Plathong et al., 2000). Education and 
user control measures appear to be strongly advocated-for option in terms of mitigating 
the impacts of a predominantly positive recreational activity. 
 Conclusion 
The purpose of this review was to present the themes of use in marine protected areas 
with respect to recreational uses, specifically snorkellers. Marine protected areas are 
highly valued for a range of reasons and by a range of users, which can lead to complex 
social issues. Recreational uses are among the most valued as they are perceived to 
provide broad social benefits without significantly impinging on conservation goals. It is 
30 
 
evident from the literature reviewed that despite the prevalent use of marine protected 
areas by recreational snorkellers, much of the research has focused on conflicts with other 
users, behavioural impacts and their overall experience. What emerges from this review 
is that research has hitherto focused on what snorkellers do, with only limited inquiry into 
why they do what they do. Specifically, in the context of the Ningaloo Marine Park, a site 
which has been subjected to considerable research and increasing rates of tourism, this 
represents an opportunity to improve the understanding of drivers of the behaviours of 
recreational snorkellers. 
By understanding the drivers of snorkeller behaviours, there may be opportunity to more 
effectively tailor management actions to mitigate damage. This could help improve the 





3.   Methods 
 Chapter Overview: 
The primary method of research involved a survey technique of quantitative approach 
questioning of a wide cross-section of the snorkelling population at the two sites using an 
online questionnaire. This questionnaire was used to target snorkellers in order to 
ascertain the drivers behind their (self-reported) behaviours, specifically the variables of 
ability, value-based beliefs, knowledge, and their perceptions of damaging behaviours. 
The benefits of questionnaires conducted in-person on the day of activity is 
acknowledged, however due to the COVID-19 pandemic this approach was not possible. 
 Study Sites 
The two study sites of Turquoise Bay and Oyster Stacks are located within the Ningaloo 
Marine Park (Figure 2). This part of Ningaloo Marine Park can be accessed from land 
through the Cape Range National Park, a terrestrial park with one of the longest coastal 
frontages to the adjacent Ningaloo Marine Park (Smallwood, Beckley, & Moore, 2013). 
Located approximately 1,200 km north of Perth, Western Australia, the Ningaloo Marine 
Park stretches over 300 km from near the town of Exmouth in the north around the North 
West Cape to Red Bluff in the south and encompasses the World Heritage listed fringing 
Ningaloo Reef, renowned for its marine life (DEWHA, 2010; Hughes et al., 2016). 
Tourism and recreation are major components of the region’s economy, with the reef 
being assessible directly from the shore in many parts (Beckley, Smallwood, Moore, & 
Kobryn, 2010). Recreational activities commonly associated with the Ningaloo Marine 
Park and Cape Range National Park include relaxing and walking on the beach, 
swimming, fishing, snorkelling and diving. The Ningaloo Marine Park as a multi-use park 
has been divided into several zones, and Turquoise Bay and Oyster Stacks are located 
within the Mandu Special Purpose (Benthic Protection) Zone (Figure 2). This zoning type 
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means that the area is intended to give visitors the opportunity to observe the site and its 
life in its natural state and no extractive activities are permitted, with the exception of 
recreational ‘troll’ fishing (MPRA and CALM, 2005, p. 85). This makes it popular with 
viewing based activities such as snorkelling, which is permitted in all zones (Beckley et 
al., 2010; MPRA and CALM, 2005). Snorkelling is one of the most popular recreational 
activities engaged in by visitors to the region (Jones et al., 2011, p. 27; Smallwood et al., 
2012), and Turquoise Bay and Oyster Stacks are among the list of sites promoted to 
inexperienced snorkellers by the Ningaloo Visitor Centre (n.d.).  
Turquoise Bay and Oyster Stacks were chosen as comparison sites since, despite their 
relative proximity (~5 km apart and both within the same sanctuary zone of the NMP) 
they differ in their vulnerability due to the differences in visitation rates, coral habitat 
distribution, and depth to corals (due relative to tides) (Figure 3). Both sites also 




Figure 2. The Ningaloo Marine Park extends along the coastline for approximately 300 km from Exmouth 
in the north to Carnarvon in the south. The two study sites of Turquoise Bay and Oyster Stacks are 
accessible from the land via the Cape Range National Park and are located within the Mandu Special 
Purpose Benthic Zone of the Ningaloo Marine Park. Although some activities are restricted in certain zones 






Figure 3. The two study sites of Turquoise Bay (top image) and Oyster Stacks (bottom image) are both 
popular with snorkelling but differ in several ways. Turquoise Bay is widely promoted, has high visitation 
rates and has a smooth sandy beach making it easily accessible. By contrast, Oyster Stacks is a lesser known 
site with a lower visitation rate, and the rocky shore and shallowness of the site make it typically more 
difficult to access. Top image provided by Dr. H. Kobryn; bottom image author provided. 
 
 
Figure 4. The car-counter data for recent years from Turquoise Bay (TB) and Oyster Stacks (OS) shows 
there is consistent year-round visitation at the sites. There is also a clear seasonal fluctuation occurring at 
both sites, with increased visitor numbers at the peak periods of domestic school holidays (April, July, 
September). This data highlights the difference in visitation rates between the two study sites, with 
Turquoise Bay (in blues) consistently receiving greater numbers of visitors than Oyster Stacks (in orange). 
There is also a pattern of increasing visitation evident in the data available for Turquoise Bay (data for 
Oyster Stacks was only available for 2013-2014). This data also shows that despite the seasonal variability 
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3.2.1 Turquoise Bay 
Turquoise Bay is a day-use-only site located approximately 60 km from Exmouth and 
accessible by a sealed road. The site is characterised by two sandy beaches, Bay Beach 
and Drift Beach, separated by a pointed foreland (Neiman, 2007). The Drift Beach is the 
most well-known and widely promoted (Beckley et al., 2010, p. 87), with the fringing 
reef crest creating a sheltered lagoon with a current that runs parallel to the beach used be 
snorkellers to carry them over the corals (Beckley et al., 2010, p. 47). 
DBCA car-counter data for Turquoise Bay shows distinct seasonal trends, with peaks in 
visitor numbers during the cooler school holiday periods April and July/August and lower 
visitor numbers during the hotter months and as school resume in February (Figure 4); 
this trend appears true for most of the region (Beckley et al., 2010; Jones et al., 2009). 
Estimates of visitor numbers based on car-counter data from the DBCA shows an average 
of over 175,000 visitors per year to Turquoise Bay from July 2016 to July 2019, 
suggesting that most people who visit the Cape Range National Park visit Turquoise Bay 
during their trip. As is typical of a day-use-only site adjacent to national park, the pattern 
of visitation shows people arriving around 10 am, with a peak in visitor numbers between 
1-2pm, and few visitors remaining after 5 pm (Neiman, 2007). Smallwood, Beckley, and 
Moore (2011) also found that the visitor composition of the site tended to be skewed 
towards a greater representation of non-residents, which is suggestive of its high profile 
in marketing and social media (p. 521). The site of Turquoise Bay is characterised by a 
sandy lagoon from the shoreline before the area becomes dominated by a mix of hard and 
soft corals and macroalgae with the depth to corals for most of the site is between 1.5 m 
and 2 m (Figure 5).   
36 
 
3.2.2 Oyster Stacks 
Oyster Stacks is a day-use-only site, located approximately 5 km south of Turquoise Bay. 
The site is characterised by a rocky shoreline which leads directly into the water. Due to 
the absence of beach this site likely attracts primarily snorkellers and divers. Oyster 
Stacks has far lower visitation rates than Turquoise Bay, receiving an estimated 48,000 
visitors in 2013-2014 according to the car-counter data of the DBCA (Figure 4). This site 
is also subject to the same seasonal variation in visitation as Turquoise Bay with peaks in 
April and July/August and the lowest visitation in February. 
The corals at Oyster Stacks are present very near the shoreline making them highly 
accessible to visitors, and also highly vulnerable to trampling as visitors enter the water. 
Access to the site for snorkelling is subject to tidal variation as low tides make the site 
depth from the water surface to the corals prohibitively shallow; to limit trampling effects 
the site is only recommended to be snorkelled during high tides. The site depth at high 




Figure 5. The site of Turquoise Bay is characterised by a sandy beach and deep sandy bottomed lagoon (A) which becomes shallow as the density of corals increases 
seaward toward the reef crest (B). By contrast, Oyster Stacks is comparatively shallow from the shoreline to the reef crest (C) with corals occurring very close to the 
shoreline (D).  
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3.2.3 Target Population and Sampling Frame  
The target population for the study was visitors who snorkelled at either or both Turquoise 
Bay and Oyster Stacks. The sampling frame was the DBCA ParkStay and ParkPass 
database of visitors to the Cape Range National Park, who had either booked a campsite 
using ParkStay1 or bought a local ParkPass2. For the ParkStay cohort, all bookings for the 
most recent peak and shoulder visit months were included (September, October, 
December (2019), January, March (2020) (n=3571)). November and February were 
excluded as these months are off-peak. For the ParkPass cohort, of the 481 within the 
DBCA’s database, all those who held an annual local ParkPass with an expiry date from 
1st January to 27th March 2020 were used (n=50). Most of the ParkPass sample had an 
Exmouth postcode. The first email group were a random sample stratified across the 
months (n=1950), while second email group were remainder of sample (n=1621) so that 
the survey email was sent to the full 3571 past visitors. Due to DBCA email distribution 
limits, the questionnaire invitation email was sent to the two groups. Using the platform 
SurveyGizmo3, the survey was opened and invitations the first group sent on the 21st May 
2020, with a follow up reminder as per the Dillman method one week later (Dillman, 
Smyth, & Christian, 2014). The second group were sent email invitations on the 16th June 
2020 and a follow-up email was not sent as an adequate number of responses were 
attained. The survey was closed on the 13th of July, having been open for a total of 55 
days. It must be acknowledged, that due to the sampling frame (the cohorts and the 
method) that this sample is biased towards respondents who purchased passes via the 
DBCA’s online platform, and consequently excludes visitors who purchased day-passes. 
This bias may have influenced responses. 
 
1 ParkStay is an online booking systems for campsites run by the DBCA 
(https://parks.dpaw.wa.gov.au/park-stay). 
2 Local ParksPass is a pass granting unlimited entry to allocated parks based on postcode 
(https://shop.dbca.wa.gov.au/pages/park-pass-information#types). 
3 SurveyGizmo was an online survey platform, now known as Alchemer (https://www.alchemer.com/). 
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 Theoretical Approach 
3.3.1 Theories Overview 
Several theories have been developed to understand the drivers of human behaviours. 
Some have been developed to look at behaviours broadly, while others have been 
developed specifically for the environmental context. The theories that informed the 
survey questionnaire development were a mixture of the Theory of Planned Behaviour 
(Ajzen, 1991), the Responsible Environmental Behaviour theory (Hines et al., 1987), the 
Norm Activation Model (Schwartz, 1977), and the Value-Belief-Norm theory (Stern et 
al., 1999). Variables of congruence were determined between these theories as ability, 
value-based characteristics, and knowledge (Table 2). As such, these were determined to 
be the variables to pursue as underlying drivers of behaviours. By identifying snorkellers’ 
ability, value-based characteristics, and knowledge, how and if these variables had a 
relationship and the strength of that relationship with their perceptions of damaging 
behaviours and their self-reported in-water behaviours could be identified (Figure 6). 
 
Figure 6. Diagrammatical representation of the assumed relationships between the attributes as variables 




Table 2. The behavioural theories which informed the approach of this study of measuring the attributes of ability, value-based characteristics, knowledge, and perceptions of 




TPB Ajzen (1991) NAM Schwartz (1977) 
REB Hines, Hungerford & 
Tomera (1987) 
VBN Stern et al (1999)   
Ability 
Control Belief (Perceived 
behavioural control), 
Actual behavioural control 
  
Locus of control 
(perceived ability), Actual 
ability 





behaviour)   
Feelings of responsibility 




responsibility as feelings 
of obligation or duty) 
  
Knowledge   
Awareness of 
consequences of 
performing (or not) a 
behaviour 
Cognitive factors 
(knowledge of the 
environment, 
consequences of 
behaviours, and solutions 
to problems) 
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3.3.2 Ability  
In the context of this study, ability refers to the individual’s perceived or actual capacity 
to engage in a behaviour, specifically snorkelling and swimming. Stern et al. (1999) 
identified personal capabilities (as associated with demographics) as a critical causal 
variable linked to environmental behaviours. Hines et al. (1987) identified two forms of 
ability: perceived (locus of control) and actual ability; they suggest that actual ability is a 
critical factor which enables an individual to take their knowledge and appropriately 
apply it to a given situation (pp. 6-7). Ajzen (1991) identified two factors that relate to 
ability: perceived behavioural control (as control belief) and actual behavioural control, 
both of which they say influence behavioural intention, and in turn, behaviour. The ‘locus 
of control’ identified in Hines et al. (1987) is very similar to the perceived behavioural 
control of Ajzen (1991) insofar as they both refer to the individual’s personal belief in 
their ability perform a behaviour. 
3.3.3 Value-Based Characteristics  
In the context of this study, value-based characteristics refers to attitudes, 
opinions/perceptions and beliefs (here also referred to as values). Ajzen (1991) looked at 
attitudes toward a behaviour as “the degree to which a person has a favourable or 
unfavourable evaluation or appraisal of the behaviour in question” (p. 188). Hines et al. 
(1987) had a similar view in their list of psycho-social factors of attitudinal variables as 
being an individual’s feelings (favourable or unfavourable) towards the specific parts of, 
or objects related to, the environment (p. 4). They also had as a separate variable ‘personal 
responsibility’, determined as an individual’s feelings of duty or obligation (Hines et al., 
1987, p. 5). Schwartz (1977) used personal norms to predict individual behaviour. These 
norms were based on two factors, one of which was feelings of responsibility for 
performing a behaviour. By understanding a person’s attitude towards a specific 
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behaviour we may be able to predict behaviours, and by identifying their pertinent beliefs 
we may be able to persuade them into desired behaviours (Ham, 2007). 
3.3.4 Knowledge 
In the context of this study, knowledge refers to the individual’s understanding of the 
environment or some aspect of an environmental situation and potential means of 
amelioration. Hines et al. (1987) found a positive correlation between those with greater 
environmental knowledge and those who were more likely to report engaging in 
responsible environmental behaviours. The second of the two factors for personal norms 
of Schwartz (1977) was a factor akin to knowledge, specifically the awareness of 
consequences of performing (or not) a behaviour. 
3.3.5 Ethics 
This study received human research ethics approval (Approval 2020/027). A filter 
question was included asking respondents if they were over 18, with a ‘no’ response 
taking them directly to the thank you page at the end of the survey. As the questionnaire 
was conducted online, the respondent’s ability to lie and say they are over 18 years old is 
acknowledged, however as the contact list to which the survey was emailed was people 
who had purchased a regional or other parks pass and must have a vehicle registered in 
their name to do so, the likelihood of this is limited. 
 Social Survey 
3.4.1 Questionnaire Design and Theoretical Basis 
Social surveying is widely recognised as a useful tool in understanding behaviours 
(Neuman, 2011; Vaske, 2008) and has been widely used in research into visitors in natural 
settings. The use of anonymous self-administered (i.e. online) questionnaires reduces the 
likelihood of researcher influence and the influence of social desirability bias (Juvan & 
Dolnicar, 2016; Krumpal, 2011). The types of questions included in the questionnaire 
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were informed by previous similar research (Leujak and Ormond 2016; Hannak et al 
2011; Webler and Jakubowski 2016; den Haring and Sutton 2019), the Department of 
Biodiversity, Conservations and Attractions and Parks and Wildlife Service (DBCA and 
PWS) Standard Survey 2019 template (DBCA and PWS, 2019) and the Cape Range 
visitor survey (Smith & Rodger, 2018). The design of questions was informed by 
technical literature on survey design and development (Ajzen, 2013; Dillman et al., 2014; 
Moore et al., 2009; Neuman, 2011). 
The questionnaire consisted of a total of 45 questions (Appendix A). The question formats 
that were used were closed (multiple-choice) questions, Likert-scale questions, and short 
answer open ended questions. The closed type questions and Likert scaled questions were 
used to reduce response time (and respondent fatigue) and enable statistical comparability 
between responses and respondents (Neuman, 2011). The questionnaire included two 
initial filter questions to exclude people under the age of 18 and those who had not 
snorkelled at either of the two study sites. A question on which locations respondents had 
snorkelled (question 3) also served as a contingency question for later questions so that 
respondents would only be shown the questions relevant to the locations they had visited. 
This approach reduces respondent fatigue and ensures all questions asked are relevant to 
the respondent’s experience (Neuman, 2011, p. 331). The questions all address one of the 
six categories: ability, value-based characteristics, knowledge, perceptions of damaging 





Table 3. The variables of ability, values, knowledge, perceptions and behaviours were measured in the 
social survey using the following definitions for the context of this study. Personal characteristics were 
also measured to further build up the characterisation of the respondents. 
Variable Definition Question 
Ability The respondent’s self-assessed swimming ability and 
snorkelling experience (frequency) 




Attitudes – judgement of something as good/bad, 
positive/negative (i.e. making physical contact with the reef is 
[Extremely bad – Extremely good] for the coral reef),  
Opinions/perceptions – how something is understood or 
interpreted (not necessarily based on fact) (i.e. long-term 
impacts of snorkelling on coral reefs at this site is [Not a 
concern – Very concerning]),  
Beliefs – what is held to be true in a specific context (i.e. 
making physical contact with the coral reef was [Extremely 
unlikely – Extremely likely]). 
20, 21, 26, 
30, 31, 32, 
34, 35, 37, 
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Knowledge What the respondent knows or understands, such as the level 
of negative impact certain behaviours have on corals, and its 
source (i.e. tertiary, on-site signs). 




How impacts of certain behaviours are understood or 
interpreted, specifically relating to contacts with corals 




The behaviours the respondent reports to have engaged in, 
specially making contact with the corals. 




Demographics (gender, place of residence, age group, 
education level), psychographic (economic/environment scale) 
1, 2, 3, 4, 
5, 6, 7, 8, 
9, 13, 15, 






There were five questions asked to gain an insight into the respondent’s ability in terms 
of snorkelling and swimming. The approach was mixed, using three multiple choice and 
two 7-point Likert-scale questions.  
The questions on ability were included because, as Allison (1996, p. 216) noted, 
inexperienced snorkellers were observed more often to damage corals than competent 
snorkellers. This was supported by findings from Phillips (2018) where guides and 
visitors would stand on corals to adjust their masks (p. 69), and by Plathong et al. (2000) 
who associated some coral damages to inexperienced snorkellers who would tread water 
to talk, rest and adjust their masks on self-guided snorkelling trails on the Great Barrier 
Reef (p. 1829). This approach of asking frequency and confidence in snorkelling was seen 
as an effective proxy to determine self-assessed snorkelling ability of respondents. A 
similar technique was used by Leujak and Ormond (2007) who asked respondents how 
often they had previously snorkelled and how they would rate their own snorkelling skills 
(p. 474). 
The questions on swimming ability asked respondents to self-report on how many laps of 
a 25 m pool they could swim without stopping and how long they could tread water for 
without stopping. The treading water question was prefaced with a sentence explaining 
what ‘treading water’ was for those not acquainted with the term. Each of these two 
questions were multiple choice with four categories that range from ‘not at all’ to ‘more 
than …’ either 8 lengths (>200 m) for swimming or 5 minutes for treading water. These 
questions were based on a question to ascertain swimming competency by McCool, 
Moran, Ameratunga, and Robinson (2008). 
The questions on snorkelling ability asked how often the respondent went snorkelling in 
an ordinary calendar year and their level of confidence in their own snorkelling ability. 
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The question on snorkelling frequency was multiple choice with a range of six options 
which were based on the frequency of visit scale commonly used in visitor surveys 
(DBCA and PWS, 2019). The question about confidence asked respondents their level of 
agreement with the statement ‘I have complete confidence in swimming abilities when I 
snorkel’ by responding to a range on a 7-point Likert scale from ‘strongly disagree’ to 
‘strongly agree’. A question was also included to ascertain the self-reported ease with 
which respondents were able to avoid making contact with the corals, again using a 7-
point Likert scale from ‘extremely difficult’ to ‘extremely easy’. 
3.4.1.2 Value-Based Characteristics 
Ten questions were used to ascertain the value-based characteristics of respondents 
(attitudes, opinions/perceptions, and beliefs) relative to their snorkelling experience. 
These questions all used 7-point Likert scale and two also included an eighth option of 
‘don’t know’ or ‘N/A’. 
Several behavioural theories have highlighted the important role which a person’s 
predispositions play in whether they are likely to engage in a behaviour. Behavioural 
theories such as the Theory of Planned Behaviour (Ajzen, 1991; Fishbein & Ajzen, 1975) 
have been used to predict or explain behaviours based on a person’s beliefs. These beliefs 
encompass the person’s behavioural belief (attitude towards the behaviour, determined 
by their belief of a good or bad outcome), normative beliefs (subjective norm, the belief 
that others believe engaging in the behaviour to good/bad), and control belief (perceived 
behavioural control, the belief they can actually perform the behaviour). These are in turn 
also moderated by the person’s actual ability to engage in the behaviour. 
Two questions were used to ask respondents the importance and influence of a range of 
aspects of their experience. Question 20 asked importance of nine listed experiences using 
a 7-point Likert scale from ‘not at all important’ to ‘extremely important’. This question 
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was influenced by the questions asked in the study by Shafer and Inglis (2000) relating 
to benefits provided by visits to the reef of snorkellers at the Great Barrier Reef. The nine 
experiences were used to assess to what degree they valued the environment as part of 
their experience with the environmentally focussed experiences (e.g. ‘connecting with 
nature’) being mixed with individual focussed experiences (e.g. ‘socialise with 
family/friends’). Question 37 which asks respondents to rate the influence of eleven listed 
physical factors on their experience using a 7-point Likert scale from ‘very negatively’ to 
‘very positively’ was also influenced by Shafer and Inglis (2000) study, relating to their 
questions on the influence of conditions. The physical factors included for example 
‘broken/damaged corals’ and ‘water clarity’. This selection of questions for both Question 
20 and Question 37 are also supported by the use of similar questions and phrasing in the 
study by Den Haring and Sutton (2019). 
A single question was included to measure the respondent’s satisfaction with their 
snorkelling experience at the sites overall using 7-point Likert scale ranging from 
‘extremely dissatisfied’ to ‘extremely satisfied’ and is based on the type of satisfaction 
question used in the DBCA and PWS standard survey (DBCA and PWS, 2019). 
Six paired questions were used to elicit and then measure three beliefs relating to making 
physical contact with the reef broadly (likelihood and importance) and the long-term 
negative impacts of snorkelling at each Turquoise Bay and Oyster Stacks (concern raised 
and likelihood). The questions for Turquoise Bay and Oyster Stacks were identical but 
were split and used a contingency question logic to ensure respondents would only be 
asked this question for the sites they reported having visited.  
A question based on the Environmental-Economic Priority (EEP) scale (Abrams, Kelly, 
Shindler, & Wilton, 2005) was also included to capture respondent’s broad, non-
snorkelling specific, environmental worldview. Wynveen, Kyle, and Sutton (2014) found 
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an association between the environmental worldview and awareness of consequences in 
visitors to Great Barrier Reef. This question used a 7-point Likert scale ranging from 
‘maintaining the natural environmental has priority even with economic costs’ to 
‘economic considerations have priority even with environmental costs’ with ‘equal 
priority’ as the mid-point. 
3.4.1.3 Knowledge 
Knowledge in the context of this study was ascertained in terms of knowledge of the sites 
and sources of relevant knowledge (sites, corals). The approach involved multiple choice 
questions with a range of categorical options or yes/no type answers. 
Knowledge is an important factor in understanding the underlying drivers of behaviours 
because it informs the level of awareness which a person may have prior to engaging in 
a behaviour (Hines et al., 1987). Knowledge in the context of this study included 
awareness of the drift loop, tide heights, the source of their knowledge of the sites and of 
coral biology. A standard DBCA and PWS question was included to ascertain the source 
of the respondent’s knowledge of the two sites (DBCA and PWS, 2019), as this may be 
indicative of the type of information which they may have based their initial perceptions 
of the site on. This question on their first source of knowledge for each site used a list of 
twelve options (such as word of mouth, visitor centre) and included a write-in ‘other’ 
option. The ‘write in’ responses were interpreted and put into the existing correct category 
where possible and a thirteenth category of ‘previous knowledge/family tradition’ was 
created as this was a common written in response. The same question was provided for 
each site (TB/OS) so that respondents would only answer for the site which they had 
visited. 
The drift loop at Turquoise Bay is a drawcard, however if a snorkeller were unaware they 
may behave different to someone who was aware, such as by grabbing corals to remain 
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in a location (J. Sharpe, personal communication, February 2020). Although less of an 
issue at Turquoise Bay, tide height can play an important role in how easily snorkellers 
make contact with the reef. At Oyster Stacks, there are signs warning visitors to only enter 
the water during mid-high tides and information on daily and near-future forecasts on tide 
heights are provided at the Milyering Visitor Centre and on a display board at the entrance 
to Oyster Stacks (Figure 7). This question was intended to target visitor knowledge and 
preparedness prior to visit which is linked to their behavioural intention (Hines et al., 
1987). The questions on knowledge of the drift loop and tide heights both required a 
simple yes/no response. 
 
Figure 7. Signs provided by park managers informing visitors to only snorkel at Oyster Stacks during mid 
to high tides (top left) and when those tides occur both at the Milyering visitors centre (top right) and on 
the path to the entrance of Oyster Stacks (bottom). 
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A question was included which asks the source of the respondent’s knowledge on coral 
biology. This question was based on a similar question asked by Hannak et al. (2011, p. 
2725) and was deemed a more effective measure than the approach taken by Leujak and 
Ormond (2007), who asked respondents to rate their knowledge on a scale from 1 to 5 
and to identify if they knew what corals were (plants, animals, not alive) (p. 474). The 
source of the respondent’s knowledge of coral biology is again indicative of their level of 
awareness of their own potential impacts. The question was a multiple-choice question 
with six response options including university, diver education, technical literature, 
conversations with other snorkellers, on-site signs and no previous knowledge. The 
option of on-site signs was included in addition to the five options used by Hannak et al. 
(2011) since the two sites do have information boards, and Turquoise Bay specifically 
has a large information display en route from the carpark to the Drift Beach. 
3.4.1.4 Perceptions of Damaging Behaviours 
Four questions were used to measure respondents’ perceptions of damaging behaviour 
from three angles: broadly, specific to each of the sites, and specific to damaging 
behaviours cited in the literature. Each question used a 7-point Likert scaled response. 
One question was used to measure the respondents’ broad perception of damaging 
behaviour, as framed in terms of its effect on the coral reef itself. This was to gain insight 
into the perspective of effect of contacts made with the reef generally. The response range 
was scaled from ‘extremely bad’ to ‘extremely good’. 
A question that asked about likelihood of contact with the corals at low tide for each of 
the sites was included to measure the perceptions of damage potential of a specific 
behaviour associated with higher rates of contact with corals. The response range was 
scaled from ‘significantly increased’ to ‘significantly decreased’. 
51 
 
A question was included which targeted specific damaging behaviours, the list of which 
was informed by the commonly damaging behaviours identified by Webler and 
Jakubowski (2016, p. 226) and supported by Hannak et al. (2011, p. 2724), Barker (2003, 
p. 66), and Den Haring and Sutton (2019, p. 6). The response range was from ‘no impact’ 
to ‘very high impact’ and included an eight response of ‘unsure’. The impetus for this 
question was the gain insight into the snorkellers perspective on the perceived damage 
potential of specific behaviours previously highlighted in the literature as damaging to 
corals and commonly observed in snorkellers.  
3.4.1.5 Self-Reported in-Water Behaviours 
Four questions were used to gain insight into the frequency of contacts made by and seen 
by the respondent. The questions were all scaled on a 7-point Likert scale. 
The self-reported in-water behaviours of respondents has been limited to the broad 
concept of ‘contact’ with the corals because self-reporting is notoriously unreliable and 
people’s awareness of more specific behaviours (such as standing, kneeling, and grasping 
of corals) naturally fades and become more erroneous with time (Cooper, Kensinger, & 
Ritchey, 2019; Holbrook, Berent, Krosnick, Visser, & Boninger, 2005; Portrat, 
Barrouillet, & Camos, 2008). Information on the types of contacts made by snorkellers 
has been collected in previous studies (for examples see Den Haring and Sutton (2019), 
Nestor et al. (2018), Wiener et al. (2009)) however in these the information was collected 
by a researcher, not by self-reporting as part of a questionnaire. The aim of this question 
is to identify if contacts with the corals were frequent or infrequent and this information 
can then be compared with other response information. 
The question which asked about the frequency of contacts with corals made by the 
respondent themselves at each site included a preface statement “People often report 
making contact with corals due to unfamiliarity with the area or equipment, water 
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conditions, or their own swimming ability.” This statement was designed and included 
specifically to reduce the likelihood of a social desirability bias in which respondents may 
otherwise be inclined to answer with a ‘normative’ socially acceptable answer rather than 
an explicitly honest one (Krumpal, 2011; Neuman, 2011, p. 330). The response scale 
ranged from ‘never’ to ‘continuously’. A similar question (without the preface statement) 
was used to ask respondent if they had seen anyone else making contact with the corals 
at each site and again used the same scale of ‘never’ to ‘continuously’. The use of a non-
numerical scale was chosen as the survey was conducted some time after the activity; 
even with time accounted for it is unlikely that a respondent would be conscious of their 
own number of contacts so the broader concept of contact rate was decided as more 
appropriate. 
3.4.1.6 Personal or Behavioural Characteristics 
A range of questions were used to ascertain the personal and behavioural characteristics 
of the respondents. These included short closed questions (yes/no), short-answer open-
ended questions, and multiple-choice questions. These questions asked respondents about 
their motivations for visiting, visitation patterns and demographics. 
Turquoise Bay and Oyster Stacks are both sites that are promoted for their snorkelling 
experience. Respondents were asked if snorkelling was the main reason for their visit to 
either of the sites to determine the respondent’s behavioural intention, as either strong 
(snorkelling was the primary motivation for the visit) or not (snorkelling was not the 
primary motivation, or was one of a range of motivations) (Question 3). 
There were also questions asking when they last visited (Question 4), how often they visit 
the locations of Ningaloo Marine Park, Turquoise Bay and Oyster Stacks (Question 5) 
and whether they were on a holiday or business trip to the region when they visited the 
sites (Question 6). The purpose of Question 6 is to identify the cohort of visitors to the 
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sites who are not residents in the region. Question 6 also functions as a contingency 
question, where those who respond ‘yes’ will then be shown Questions 7, 8 and 9. These 
questions ask how many times during their trip to the region they visited the two study 
sites, how many nights they stayed in the region, and where they stayed (location and 
accommodation type), respectively. Although these three questions would not be relevant 
to residents in the region, they do supply behavioural information, which provides a useful 
insight for a comparison of a single recreation group. This was looked at among a range 
of recreational activities at in the study by Smallwood et al. (2013). 
Other questions asked respondents about the types of fins they used (solid, split, or none) 
and the month and year of their most recent visit. A suit of demographic questions based 
on standard DBCA PWS survey were also included asking age, gender, education level, 
and usual place of residence (domestic – postcode, international – country). A question 
was also included asking if in the last twelve months they had either booked a site using 
ParkStay or bought a Park Pass. 
3.4.2 Questionnaire Implementation 
The questionnaire was developed and piloted on a small sample (n=11) to ensure that the 
questions were clear and that the completion time was reasonable (~10mins). Some minor 
changes to the wording of questions resulted. The questionnaire was then made accessible 
via the online survey tool SurveyGizmo and email invitations about participation were 
distributed (Appendix B). 
Based on DBCA car-counter data, the average annual visitor numbers to Turquoise Bay 
from mid-2016 to mid-2019 was 175,902. As such, a sample of more than 384 at a 95% 
confidence level would be considered a representative sample. Only the numbers for 
Turquoise Bay visitors were used in this calculation because it has higher rates of 
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visitation than Oyster Stacks and to avoid double-counting: anecdotal evidence suggests 
that many visitors attend both sites during a visit to CRNP. 
3.4.3 Questionnaire Data Analyses 
Data analysis compared self-reported in-water behaviours and perceptions of damaging 
behaviours with responses of ability, value-based characteristics, and knowledge (Figure 
8). 
3.4.3.1 Data Cleaning 
All responses which answered Question 1 as being under 18 (n=3) or did not answer 
(blank response, n=15) were removed. All responses which answered Question 2 as 
having visited neither Turquoise Bay or Oyster Stacks (n=28) or which were left 
unanswered (blank response, n=10) were removed. Partial responses which met the 
inclusion criteria (over 18 and had visited either or both of the sites) were included in 
analyses for the responses provided (n=59). For the open-ended short answer question 
regarding location and type of accommodation during stay in the region, where the 
respondent provided multiple answers, the response which is geographically closest to 
the two study sites was kept and the rest discarded. For example, if the response was 
“Exmouth and Cape Range NP” only “Cape Range NP” would be used for analysis. Some 
of the responses required minor interpretation and all were grouped into the following: 
Exmouth, CRNP, Coral Bay, Pastoral/Station Stay, Yardie Homestead, and Lighthouse 
Holiday Park. Type was also coded as either caravan park, campground, with friends, or 
hotel/motel/AirBnB. 
3.4.3.2 Statistical analysis 
The statistical package SPSS (version 24.0) was used to perform all analyses (IBM Corp., 
2016). The variables of ability, value-based characteristics and knowledge were treated 
as independent variables, while the variables of perceptions of damaging behaviour and 
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self-reported in-water behaviours were treated as the dependent variables (Figure 8). 
Perceptions of damaging behaviour was also treated an independent variable when tested 
against self-reported in-water behaviours as a dependent variable. 
 
Figure 8. The approach to the statistical analyses undertaken, showing the independent variables on the left 
and the dependent variables on the right, and the associations being tested for indicated by the arrows. The 
number of questions asked for each variable is shown in brackets (Q=n). 
Chi-square test for independence was used to test for significance of association both 
within each variables (for internal consistency) and between each of the independent and 
dependent variables (Appendix C) as per the 7 hypothesised associations being tested 
(Figure 8). The test was also run with control variables (place of residence, gender, age 
group, education level, site visited) using the ‘add layer’ function in SPSS to determine 
partial associations to further understanding of the associations (Appendix E). The 
adjusted residuals were used to identify the main contributors to the chi-square value in 
associations with significantly small p-values (α < 0.05), where the greater than absolute 




Strength and direction of association was tested for using Spearman’s rank order 
correlation or Cramer’s V depending on the data types (Spearman’s for ordinal by ordinal 
comparisons, Cramer’s for nominal by ordinal comparisons). Demographic responses 
(gender, age, residence, education) provided support to findings and their comparisons 
with other studies in the region and of similar studies more broadly. Spearman’s rank-
order correlations were used in two other similar studies (Leujak and Ormond (2007) and 
Hannak et al. (2011)) to investigate associations between variables. Another statistical 
analysis used was Chi-squared test for independence (Leujak & Ormond, 2007). 
3.4.4 Paired questions 
There were three sets of paired questions relating to values and perceptions at Turquoise 
Bay and Oyster Stacks (Table 4). Each question was first tested against Question 2 (sites 
visited) using a Kruskal-Wallis H test to detect if there were differences between 
responses and site visited. The Turquoise Bay questions were shown to those who 
answered, ‘TB only’ and ‘both’ and the Oyster Stacks questions were shown to those who 
answered, ‘OS only’ and ‘both’. No significant differences were found for any of the six 
questions. The paired questions were also tested for correlation using Spearman’s rank-
order correlation to test for consistency in answering between the two sites and found that 




Table 4. Consistency testing of the paired questions with site visited and internally using: Kruskall-Wallis 
test for difference between response and site visited, and Spearman’s rank-order correlation for 
consistency in answering between sites. 
Question # 
and site 
Variable Question Kruskal-Wallis  Spearman’s 
result 
Q 31 (TB)  
 
Q34 (OS) 
Values Long-term negative impacts of 
snorkelling on coral reefs at 
Turquoise Bay are: Not a concern – 
Extremely concerning 
X2 = 0.286, p = 0.592 
 
X2 = 3.585, p = 0.058 
rs = 0.625 
n = 299 
p = 0.000 
Q 32 (TB)  
 
Q35 (OS) 
Values Long-term negative impacts of 
snorkelling on the coral reefs at 
Turquoise Bay are: Extremely 
Unlikely – Extremely Likely 
X2 =1.863, p = 0.172 
 
X2 =0.517, p = 0.472 
rs = 0.574 
n = 298 
p = 0.000 
Q 33 (TB) 
 
 Q36 (OS) 
Perceptions Snorkelling at [TB/OS] at low tide 
means the likelihood of making 
contact with corals is: Significantly 
increased – Significantly decreased 
X2 =0.597, p = 0.440 
 
X2 =0.130, p = 0.718 
rs = 0.377 
n = 299 
p = 0.000 
 
3.4.5 Matrix Questions 
Cronbach’s alpha was used to test for internal consistency between the questions for each 
of the matrixed questions of the variable in order to measure the extent to which each of 
the questions is a consistent measure of the variable (Questions 20, 37, and 39) (Appendix 
C). Question 20 asked how important a range of 9 items were for snorkelling and were 
found to have acceptable internal consistency (0.773). Question 37 asked how a range of 
11 items influenced snorkelling experience (positive/negative) and were found to have a 
moderate level of internal consistency (0.627). Question 39 asked the perception of 
impacts of a range of 5 types of behaviours while snorkelling and were found to have an 
acceptable level of internal consistency (0.727).  
58 
 
4.   Results 
 Survey Sample Size 
Of the 3,571 past park visitors invited to participate in the survey, there was an overall 
response rate of approximately 16% (Table 5). The response rates varied by question: 434 
respondents fully completed the questionnaire and 91 partially completed the 
questionnaire (Table 5). All answered questions were used in analyses. The survey 
respondents reported visit months followed the expected trend based on the DBCA’s car-
counter data (Table 6), with 13.5% visiting outside of the sample time frame, and 5.9% 
did not provide either a year or month of visit or provided an impossible response barring 
time-travel (for example December 2020). 
Table 5. Response and survey completion rates for ParkPass and ParkStay visitor, showing the overall 











Local ParkPass (Exmouth/Coral Bay 
post codes) 





ParkStay booking 3,521 571 424 16.2% 
 
Table 6. The proportion of visitors to the two study sites based on DBCA car-counter data compared with 
the survey sample and survey responses showing a similar trend in visitation across the months. 
  Sep % Oct % Dec % Jan % Mar % n =  
TB car counter 
data 2016-2019 
29.3 25.4 16.2 14.6 14.6 183,793 
Survey sample 27.9 31 15 12.4 13.6 3,571 
Survey 
responses 





 Sample Demographics 
Most respondents visited both Turquoise Bay and Oyster Stacks during their trip (61.9%; 
Table 7). Oyster Stacks-only visitors comprised only 4.6% of the sample. Women had 
greater representation overall (58.1%) and genders did not significantly differ across the 
sites. Exmouth residents were 2.3% of the sample, 25.7% were WA residents (excluding 
Exmouth), 35.7% from the rest of Australia, and 36.4% were international residents. WA 
residents were the largest group of Oyster Stacks-only visitors. Over half the respondents 
were aged between 25-44 and the Chi-square statistic indicated a significant association 
between age and site visited. Respondents over 75 years most likely to visit Oyster Stacks 
only (adjusted residual 4.1). 
Most respondents (70.7%) reported tertiary- or university-level education and most 
(96.1%) were on holiday or a business trip (i.e. non-residents) (Table 7). Most 
respondents stayed in the CRNP for at least part of their trip (80.2%), followed by staying 
in Exmouth (16.2%). The length of stay ranged from 1 night to 120 nights. Most 
respondents stayed between 1-7 nights (70.5%). 
Table 7. Personal and demographic characteristics of the survey respondents across the three site visit 
types (Turquoise Bay only, Oyster Stacks only, and both sites). Significant Chi-square results indicated in 
bold with asterisk. Table continues on next page. 
Respondent 
Characteristics 
Study sites visited 
Chi-square comparing 3 
site visit options 




n= 176 24 325 525 
Total % 33.5 % 4.6 % 61.9 % 100.0 % 
Gender (n=432) 6.072 (4) p = 0.194 
Female 20.6 3.0 34.5 58.1 
Male 13.2 2.1 25.9 41.2 
Other 0.0 0.2 0.5 0.7 
Total 33.8 5.3 60.9 100.0 
Place of residence (n=432) 10.576 (6) p = 0.102 
Local (Exmouth) 0.7 0.2 1.4 2.3 
WA 8.8 2.8 14.1 25.7 
Australia 12.3 0.7 22.7 35.7 
60 
 
International 11.8 1.9 22.7 36.4 
Total 33.6 5.6 60.9 100.0 
Age group (n=434) 28.952 
(12) 
p = 0.004* 
18-24 2.3 0.0 3.2 5.5 
25-34 8.5 1.2 17.5 27.2 
35-44 8.3 0.5 15.7 24.5 
45-54 5.8 1.4 11.8 19.0 
55-64 6.5 1.4 8.3 16.2 
65-74 2.3 0.9 4.4 7.6 
75+ 0.0 0.2 0.0 0.2 
Total 33.7 5.6 60.9 100.0 
Education level (n=431) 6.326 (6) p = 0.388 
Primary/some 
secondary 0.5 0.0 0.5 1.0 
Secondary 4.2 0.5 6.3 11.0 
Vocational/technical 6.7 1.6 9.0 17.3 
Tertiary/University 22.0 3.2 45.5 70.7 
Total 33.4 5.3 61.3 100.0 
Holiday/business trip (n=510) 1.407 (2) p = 0.495 
Yes 32.2 4.3 59.6 96.1 
No 1.4 0.4 2.2 4.0 
Total 33.6 4.7 61.8 100.0 
Location of stay (n=445) 11.648 (8) p = 0.168 
Exmouth 7.2 0.2 9.2 16.6 
Cape Range NP 24.7 4.7 50.8 80.2 
Coral Bay 0.7 0.0 0.7 1.4 
Yardie Homestead 0.0 0.0 1.1 1.1 
Lighthouse Holiday 
Park 0.4 0.0 0.2 0.6 
Total 33.0 4.9 62.0 100.0 
Accommodation type (n=441) 10.130 (6) p = 0.119 
Caravan park 8.2 0.2 10.2 18.6 
Camp ground 24.7 4.5 50.6 79.8 
With friends 0.2 0.0 0.0 0.2 
Hotel/motel/Airbnb 0.2 0.0 1.1 1.3 
Total 33.3 4.7 61.9 100.0 
Length of stay (n=457) 8.979 (6) p = 0.175 
1-7 nights 25.4 3.3 41.8 70.5 
8-14 nights 7.0 0.7 14.9 22.6 
15-28 nights 1.1 0.4 3.5 5.0 
29+ nights 0.0 0.2 1.8 2.0 




A comparison with two previous studies in the region found similarities and differences 
in the demographic distribution of gender, age, (place of) origin, and education level 
(Table 8). Some of this difference may be attributable to the different cohorts; this study 
included only visitors to two specific sites popular with snorkelling, while Smith and 
Rodger (2018) looked at visitors to the CRNP, and Jones et al. (2011) looked at the entire 
Ningaloo Coast region (coastal area from Exmouth to Carnarvon). 
Table 8. Comparison of the demographics of this study with previous key social studies in the region 
demonstrating the moderate difference between this study and previous findings. 
Demographic variables 
This study 
Smith & Roger 
2018 




Female 58 54 51 
Male 42 46 49 
Age 
18-24 5.5 1.5 
(18-29) 24 
25-34 27.2 15.1 
35-44 24.4 18.9 (30-44) 28 
45-54 18.9 16.5 
(45-59) 24 
55-64 16.1 29.6 
65-74 7.6 18.5 
(60+) 25 
75+ 0.2  - 
Origin 
Western Australia. 28 48 53 
Rest of Australia 36 38 22 
International 36 14 25 
Education 
Primary/some secondary 0.9 3.2 
N/A 
Secondary 10.9 14.5 
Technical 17.4 30.2 




 Snorkeller Characteristics 
Respondents reporting that snorkelling was not their main reason for visiting were more 
likely to only visit Turquoise Bay (adjusted residual 3.5), while those who reported 
snorkelling was their main reason for visiting were more likely to report that they had 
higher confidence in their ability (adjusted residual 3.3) and were more satisfied with their 
experience (adjusted residual 2.6) (Table 9). 
Table 9. The characteristics of snorkellers based on their snorkelling intention (Q3. snorkelling as main 
reason for visit). Significant Chi-square results indicated with asterisk. 
Snorkeller Characteristics 
Snorkelling as main reason for visit 
Chi-square comparing 
snorkelling intention 
Yes  No  Total  Chi-sqr (df) p value 
(α=0.05) 
n= 371 137 508 
Total % 73.0 % 27.0 % 100.0 % 
Sites visited (n=508) 13.791 (2) p = 0.001* 
TB only 21.1 12.2 33.3 
OS only 3.1 1.6 4.7 
Both 48.8 13.2 62.0 
I have confidence in my snorkelling ability (n=469) 15.962 (6) p = 0.014* 
Strongly disagree (1) 1.9 0.6 2.5 
Disagree (2) 1.9 1.3 3.2 
Somewhat disagree (3) 4.5 2.1 6.6 
Neither (4) 3.2 2.6 5.8 
Somewhat agree (5) 11.5 3.8 15.3 
Agree (6) 16.2 8.5 24.7 
Strongly agree (7) 33.9 7.9 41.8 
Median 6 6   
Mean 5.8 5.4   
Satisfaction with snorkelling experience (n=456) 17.790 (6) p = 0.007* 
Extremely dissatisfied (1) 0.9 0.0 0.9 
Very dissatisfied (2) 0.0 0.2 0.2 
Somewhat dissatisfied (3) 0.9 1.1 2.0 
Neither (4) 1.3 1.5 2.8 
Somewhat satisfied (5) 11.6 5.3 16.9 
Very satisfied (6) 23.2 9.4 32.6 
Extremely satisfied (7) 35.3 9.2 44.5 
Median 6 6   




 Variable Results 
4.4.1 Ability 
Among respondents, ability was generally reported as high. There was significant 
association between responses for each of the questions suggesting they are adequate 
correlates of measure (Appendix C1). The responses to ‘laps of 25m pool’ (Q16) and 
‘confidence in swimming ability while snorkelling’ (Q19) were used in comparative 
analyses as representative of the ability variable; they were not statistically different 























A. Ability - swim lengths of 25m pool  (Q16)
(X2 (6, n=472) = 12.53, p = 0.051)






















B. Ability - confidence in swimming ability when snorkelling  (Q19)
(X2 (12, n=472) = 17.8, p = 0.122)
Strongly disagree Disagree Somewhat disagree Neither Somewhat agree Agree Strongly agree
Figure 9. Respondent ability as measured by number of lengths of 25m pool (A) and level of confidence 
in swimming ability while snorkelling (B) across the sit(s) visited during trip. Results indicate overall 
high level of ability reported in the sample, but that Ability was not statistically significantly different 
between the site cohorts for these questions. 
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4.4.2 Value-Based Characteristics 
The values questions had mixed internal association suggesting they measure different 
types of respondent values (Appendix C2.). The reported ‘importance of avoiding contact 
with the corals’ (Q30) and the ‘concern for long-term negative impacts resulting from 
snorkelling’ at Turquoise Bay (Q31) and Oyster Stacks (Q34) were used in comparative 
analyses to represent the values variable. Responses to Q30 ‘importance for avoiding 
contact’ was skewed towards ‘extremely important’ (median 7) (Figure 10A). Responses 
to ‘concern for long-term impacts’ were similar between Turquoise Bay (Q31) and Oyster 
Stacks (Q34) with responses skewing towards ‘extremely concerning’ (medians of 6) 
























Values - importance of avoiding contact with corals (Q30)
(X2 (12, n=457) = 9.3, p = 0.674)
Extremely unimportant Very unimportant Somewhat unimportant Neither





















Values - concern for long-term impacts at TB (Q31) and OS (Q34)
Q31: X2 (6) = 4.463, p = 0.614; Q34: X2 (5) = 7.357, p = 0.195)
Not a concern Not very concerning Somewhat concerning Moderately concerning
Concerning Very concerning Extremely concerning
Figure 10. Respondents values as measured by the reported level of importance placed on avoiding 
contact with the corals (A) across the site(s) visited during trip, and the level of concern expressed for 
long-term negative impacts of snorkelling at each site (B). Results indicate high pro-environmental values 




The knowledge questions did not have high internal association, which suggests that 
they measure different types of respondent knowledge (Appendix C3). Awareness of 
the tide height prior to arriving at each site was similarly high for both Turquoise Bay 
(65.7%) and Oyster Stacks (69.2%) (Figure 11A). Respondents who visited Turquoise 
Bay only were more likely to report ‘no previous knowledge’, visitors to Oyster Stacks 
only were more likely to report ‘diver education’, and visitors who went to both sites 
were more likely to report ‘on-site signage’ as their source of knowledge of coral 




























A. Knowledge - aware of the tide height 
Q14.1: X2 (4) = 130.633, p < 0.001, Q14.2: 188.52, p < 0.001
























B. Knowledge  - source of knowledge of coral biology (site visited)  (Q38)
(X2 (10, n = 433) = 20.688, p = 0.023, V = 0.155)
University Diver education
Technical literature Conversations with other snorkellers
On-site signs No previous knowledge
Figure 11. Respondent knowledge as measured by their reported awareness of the tide height prior to 
arrival at the site (A) and the source of their knowledge of coral biology (B). Both were significantly 
associated with site(s) visited during trip. Adjusted residuals of values contributing to the significant 
association indicated within relevant proportion with outline. Results indicate a tendency towards greater 
knowledge overall in the respondent sample. 
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4.4.4 Perceptions of Damaging Behaviours 
The perceptions questions had significant internal association suggesting they are 
measuring aspects of the same perceptions construct (Appendix C4). Making contact with 
the reef was perceived as ‘extremely bad’ for the reef (Q27) in 85.6% of responses (Figure 
12A). Responses to the ‘likelihood of making contact when snorkelling at low tide’ at 
both Turquoise Bay (Q33) and Oyster Stacks (Q36) had a median response of 1 
(significantly increased), however the proportion varied (54.6% for TB, 79.9% for OS) 
(Figure 12B). The majority of responses to the perception of impacts of five key damaging 
behaviours were ‘very high’ (median 7) except for responses to Q39.5 stirring up 
































C. Perceptions - impact of damaging behaviours
No impact Very low impact Low impact Mild impact























































B. Perceptions - likelihood of contact with corals at low tide
Significantly increased Moderately increased Somewhat increased Neither
Somewhat decreased Moderately decreased Significantly decreased
Figure 12. Respondent perceptions as measure by the perception of contact with the reef as good/bad for 
the reef (A), the likelihood of contact with the corals when snorkelling at low tide (B) and the perception 
of the impact of a range of damaging behaviours (C), indicating a trend of greater perceptions of 
damaging behaviours in the majority of respondents. 
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4.4.5 Self-Reported in-Water Behaviours 
Self-reported contacts with corals were similar at both sites. The behaviours questions 
had strong internal consistency with significance values <0.05 (Appendix C5) which 
suggests they were measuring aspects of the same construct (in-water behaviour). Most 
reported ‘never’ (median 1) making contact with the corals at each site (TB 62%, OS 
54%) (Figure 13A). Observed contact rates of other snorkellers had two peaks in the 
data at ‘never’ (TB, 35.1%; OS, 25.5%) and ‘sometimes’ (TB, 23.6%: OS, 27.1%) 
(Figure 13B). In response to the statement “I tried to avoid making contact with the 
coral reef while snorkelling”, 91% ‘strongly agreed’ (median 7), and responses did not 






Figure 13. Respondent behaviours as measured by their self-reported coral contacts (A), observed contact 
of other snorkellers (B), and their agreement that they had avoided contact with the corals while 
snorkelling (C). Results indicate a trend of pro-environmental behaviours amongst the majority of 
respondents, which may not necessary extend to all visitors as indicated by results of observations of 















































B. Behaviours - observed other snorkellers make contact with corals 






















C. Behaviours - avoided contact with corals (X2 (8, n=455) = 1.631, p = 0.990)
Strongly disagree Disagree Somewhat disagree Neither Somewhat agree Agree Strongly agree
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 Association of Variables: Answering the 
Research Questions 
Each of the variables were associated to varying degrees (Table 10). The values variable 
results had the largest proportion of significant associations with both perceptions (56%) 
and behaviours (63%) variable results. Perceptions also had a large proportion of 
significant association with behaviours (53%). Knowledge had a greater proportion of 
significant associations with perceptions (46%) than it did with behaviours (33%). Ability 
had the smallest proportion of significant associations with perceptions (18%), 
behaviours (20%). 
Table 10. The proportion of significant association for each of the variable associations as per the 
research question. 





Ability 7 of 40 18% 
Values 27 of 48 56% 
Knowledge 11 of 24 46% 
Behaviours 
Ability 4 of 30 20% 
Values 13 of 18 63% 
Knowledge 4 of 9 33% 






4.5.1.1 Ability and Perceptions of Damaging Behaviour 
 
Hypothesis 1: Respondents reporting greater ability will report greater perceptions 
of damaging behaviours than those reporting poorer ability 
Overall, the significant results indicate that respondents reporting higher ability were also 
more likely to report greater perception of damaging behaviours (Table 11). 
Ability Q29 ‘For me, avoiding contact with the coral reef while snorkelling was: 
(extremely difficult - extremely easy)’ and perceptions Q33 ‘Snorkelling at Turquoise 
Bay at low tide means the likelihood of making contact with corals is: (significantly 
increased - significantly decreased)’ demonstrated the most significant association (Table 
11), with a large adjusted residual (2.2). This indicates that respondents who reported that 
it was extremely easy to avoid contact with corals while snorkelling were more likely to 
also report that they perceived the likelihood of contact with the corals when snorkelling 
at Turquoise Bay at low tide as significantly increased. The other significantly associated 
questions produced small adjusted residuals (>2.0) and all associations were low 




Table 11. Results of significant associations between ability and perceptions as per the Chi-squared test 
for association (highlighted in green). Significant adjusted residuals (AR) (>2.0) highlighted in yellow. 
Cramer’s V results highlighted in blue, Spearman’s rank-order correlations highlighted in orange. Scaled 
questions response rank indicated in brakets beside most significant response. Significant p-values (α = 
0.05) in bold.  
Variables Most significant response Significance 
Strength & 
direction 
















16.71 0.033 1.8 0.139 0.033 
Q39.2 
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> 1 min, < 
5 min (3) 
Very high 
impact (7) 



























4.5.1.2 Value-Based Characteristics and Perceptions of 
Damaging Behaviours 
 
Hypothesis 2: Respondents reporting greater pro-environmental value-based 
characteristics will report greater perceptions of damaging behaviours than those 
reporting lesser pro-environmental value-based characteristics. 
The significant associations and their largest adjusted residuals indicate a pattern of 
stronger (pro-environmental) values and greater perceptions of damaging behaviours. The 
trend was similar between questions relating specifically to either Turquoise Bay or 
Oyster Stacks. Those respondents who reported that they believed making contact was 
‘extremely unlikely,’ avoiding contact was ‘extremely important,’ and that long-term 
negative impacts at the sites were ‘extremely concerning’ and ‘extremely likely,’ were 
more likely to also report that they perceived making contact with the corals was 
‘extremely bad’ for the corals, that snorkelling at low tide increased the likelihood of 
contacts with the corals and that coral contacting behaviours (such as walking, sitting or 
standing on corals) would have a ‘high impact’ on the corals (Table 12). 
The largest significant adjusted residual was between values Q30 ‘For me, avoiding 
contact with the coral reef while snorkelling was: (Extremely unimportant - Extremely 
important)’ and perceptions Q39.1 ‘Using the scale provided, indicate the level of 
negative impact you think the following actions have on coral reefs: walking, sitting, 
standing or kneeling on the corals’ (Table 12). Respondents reporting that they believed 
avoiding contact with the corals to be ‘extremely important’ (Q30) were more likely to 
also report they perceived the impacts of walking, sitting or standing on the corals to be 
‘very high’ (Q39.1) (Table 12). Responses reporting towards the ‘extremely unimportant’ 
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end of scale were n<5, therefore not statistically reliable. The strength of the association 
was moderate (Table 12). 
Table 12. Significant associations between values and perceptions indicate a trend of increasing pro-
environmental values associated with increasing perceptions of damaging behaviours. Significant Chi-
squared results highlighted in green. Significant adjusted residuals (AR) (>2.0) indicated in yellow. 
Spearman’s test results indicated in orange. Scaled questions response rank indicated in brakets beside 
most significant response. Significant p-values (α = 0.05) in bold). Table continues on next page. 
Variables Most significant response Significance 
Strength & 
direction 

























































































































































































Table 12. Continued. 
Variables Most significant response Significance 
Strength & 
direction 







































































































































4.5.1.3 Knowledge and Perceptions of Damaging Behaviours 
 
Hypothesis 3: Respondents reporting greater knowledge will report greater 
perceptions of damaging behaviours than those reporting lesser knowledge. 
Overall, the results indicate that respondents who reported greater knowledge of the sites 
were significantly more likely to also report greater perceptions of damaging behaviours, 
while those who reported less knowledge were more likely to have lesser perceptions 
(Table 13). Each of the significant associations produced when testing knowledge variable 
questions against perceptions variable questions also produced significantly large 
adjusted residuals (≥ 2.0). Respondents who reported that they were aware of the tide 
height at either site or who reported no previous source of knowledge of coral biology 
were more likely to also report that they perceived contacting behaviours to be extremely 
bad for the corals, the likelihood of contact when snorkelling at low tide to be significantly 
increased, and that damaging behaviours would have a high or very high impact on the 
corals (Table 13). 
The largest significant adjusted residual was produced in the association between 
knowledge Q14.2 ‘On your most recent visit, were you aware of the tide height before 
you arrived at [Oyster Stacks]?’ and perceptions Q36 ‘Snorkelling at Oyster Stacks at 
low tide means the likelihood of making contact with corals is: (significantly increased - 
significantly decreased)’ (Table 13). Respondents reporting they were aware of the tide 
height at Oyster Stacks (Q14.2) were more likely to also report they perceived the 
likelihood of making contact with the corals when snorkelling at low tide at Oyster Stacks 
to be ‘significantly increased’ (Q36). The strength of this association was low. 
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An unexpected result was found in the significant association between knowledge Q38 
and perceptions Q39.1, that those who reported they had ‘no previous knowledge’ of 
coral biology were most likely to also report they perceived the impact of walking sitting 
or standing on corals to be ‘high’ produced the largest adjusted residual, indicating that 
those who had no previous knowledge of coral biology were more likely to report they 




Table 13. Significant associations between knowledge and perceptions indicate a trend of site specific 
knowledge was associated with increasing perceptions of damaging behaviours. Significant Chi-square 
results highlighted in green. Significant adjusted residuals (AR) (>2.0) indicated in yellow. Cramer’s V 
test results indicated in blue. Scaled questions response rank indicated in brakets beside most significant 
response. Significant p-values (α = 0.05) in bold). 
Variables Most significant response Significance 
Strength & 
direction 




















































































































































4.5.2.1 Ability and Self-Reported in-Water Behaviours 
 
Hypothesis 4: Respondents reporting greater ability will report fewer coral 
contacting behaviours than those reporting poorer ability. 
Respondents who reported higher ability in treading water, higher confidence in their 
ability, or reported greater ease in avoiding contact with the corals were more likely to 
also report they never made contact with the corals or strongly agreed they tried to avoid 
coral contacts while snorkelling (Table 14). 
Between ability Q18 ‘In an ordinary calendar year, how often do you usually go 
snorkelling? (weekly - first time during trip)’ and behaviour Q24 ‘During your most 
recent visit, how often did you see other snorkellers physically contacting corals while 
snorkelling at Turquoise Bay? (Never - Continuously)’ the significantly large adjusted 
residuals indicated a pattern of decreasing snorkel frequency associated with decreasing 
observed frequency of other snorkellers coral contacts at Turquoise Bay (Table 14). This 
suggests that respondents who visited Turquoise Bay and reported they snorkel less 
frequently may be less observant of the behaviour of other snorkellers. 
The largest adjusted residuals were between ability Q29 ‘For me, avoiding contact with 
the coral reef while snorkelling was: (extremely difficult - extremely easy)’and behaviour 
Qs 22 and 23 ‘During your most recent visit, how often did you find yourself making 
contact with the corals while snorkelling at [Turquoise Bay/Oyster Stacks]? (Never - 
Continuously)’. These significantly large adjusted residuals indicate a trend similar 
between Turquoise Bay and Oyster Stacks of increasing snorkel ease and decreasing self-
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reported coral contacts (Table 14). For both, the largest adjusted residual was produced 
for the association between ability ‘extremely easy’ and behaviour ‘never’ made contact. 
These results indicate that respondents who reported increasing ease of avoiding corals 
were more likely to also report fewer contacts with the corals. The strength of the 
associations was moderate and negative for both significant associations. The remaining 
significant associations produced residuals less than 2.0. 
Table 14. Significant associations between ability and behaviours indicate a trend of increasing ability 
association with decreasing self-reported contact (behaviours) with the corals. Significant Chi-squared 
results highlighted in green. Significant adjusted residuals (AR) (>2.0) indicated in yellow. Cramer’s V 
results highlighted in blue, Spearman’s rank-order correlations highlighted in orange. Scaled questions 





















> 1 min, < 
5 min (3) 
Almost 
never (2) 





< once p/y 
(5) 




















Never (1) 271.88 
< 
0.001 




Never (1) 399.96 
< 
0.001 




4.5.2.2 Value-Based Characteristics and Self-Reported in-Water 
Behaviours 
 
Hypothesis 5: Respondents reporting greater pro-environmental value-based 
characteristics will report fewer coral contacting behaviours than those reporting 
lesser pro-environmental value-based characteristics. 
Respondents who reported that they believed making contact with the corals was 
extremely unlikely, avoiding contact was extremely important, and that long-term 
negative impacts at the sites were extremely concerning and extremely likely were more 
likely to also report fewer self-reported instances of contact with the corals while 
snorkelling, that they had tried to avoid contact with the corals, but they had seen other 
snorkellers making contacts (Table 15). Most of the significant associations produced 
significantly large adjusted residuals (≥ 2.0), which tended toward the intersection of 
stronger [pro-environmental] values and fewer contacts for self-reporting and more 
frequent contacts observed in other snorkellers; the trend was similar between the two 
sites.  
The largest significant adjusted residual was produced for the association between values 
Q30 ‘For me, avoiding contact with the coral reef while snorkelling was: (Extremely 
unimportant - Extremely important)’ and behaviours Q28 ‘I tried to avoid making contact 
with the coral reef while snorkelling. (strongly disagree - strongly agree)’. Respondents 
who reported that they believed avoiding contact with the corals was ‘extremely 
important’ (Q30) were more likely to also report that they ‘strongly agree’ they tried to 
avoid contact with the corals while they were snorkelling (Q28) (Table 15). The strength 
of this association was moderate.  
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Table 15. Significant associations between values and behaviours indicate a trend of increasing pro-
environmental values associated with decreasing self-reported contacts (behaviours) and increasing 
observed contacts of other snorkellers. Significant Chi-squared results highlighted in green, significant 
adjusted residuals (AR) (>2.0) in yellow. Spearman’s test results indicated in orange. Scaled questions 
response rank indicated in brakets beside the most significant response. Significant p-values (α = 0.05) in 
bold. Table continues on next page. 
Variables Most significant response Significance 
Strength & 
direction 


















































































Rarely (3) 85.40 
< 
0.001 















































Rarely (3) 88.78 
< 
0.001 

































Variables Most significant response Significance 
Strength & 
direction 











































4.5.2.3 Knowledge and Self-Reported in-Water Behaviours 
 
Hypothesis 6: Respondents reporting greater knowledge will report fewer coral 
contacting behaviours than those reporting lesser knowledge. 
Each of the significant associations produced when testing knowledge against behaviours 
also produced significantly large adjusted residuals (≥ 2.0). The largest significant 
adjusted residuals were produced for respondents who reported they were not aware of 
the tide height prior to arrival, or whose main source of knowledge of coral biology was 
conversations with other snorkellers or had no previous knowledge. 
Respondents who reported that they were aware of the tide height at each site prior to 
their visit and reported that they had ‘no previous source of knowledge’ of coral biology 
were more likely to also self-report they almost never made contact with the corals, 
observed others almost never make contact (at Turquoise Bay) and strongly agree that 
they tried to avoid contact with the corals (Table 16). By contrast those who reported that 
they were not aware of the tide height or had less formal knowledge of coral biology were 
more likely to report more contacts with the corals. Those who reported diver’s education 
as their source of knowledge on coral biology were more likely to self-report they ‘never’ 
made contact but observed others to ‘continuously’ make contact (Table 16). 
The largest adjusted residual was between knowledge Q14.2 ‘On your most recent visit, 
were you aware of the tide height before you arrived at [Oyster Stacks]?’ and behaviours 
Q23 ‘During your most recent visit, how often did you find yourself making contact with 
the corals while snorkelling at Oyster Stacks? (Never - Continuously)’. Respondents who 
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reported that they were not aware of the tide height prior to arriving at Oyster Stacks were 
more likely to also report they ‘often’ made contact with the corals (Q23) (Table 16). 
Both ‘yes’ and ‘no’ respondents for the knowledge tide height focused questions (Q14.1 
and Q14.2) produced significantly large residuals (Table 16). The strength of the 
association was low. 
Table 16. Significant associations between knowledge and behaviours indicate a trend of site-specific 
knowledge was associated with decreasing rates of coral contacts (behaviours), while the inverse was also 
true. Significant Chi-square results highlighted in green. Significant adjusted residuals (AR) (>2.0) 
indicated in yellow. Cramer’s V test results indicated in blue. Scaled questions response rank indicated in 
brakets beside most significant response. Significant p-values (α = 0.05) in bold. 
Variables Most significant response Significance 
Strength & 
direction 


































































Never (1) 3.4 
On-site signs Often (5) 2.9 
No previous 
knowledge 


















4.5.2.4 Perceptions and Self-Reported in-Water Behaviours 
 
Hypothesis 7: Respondents reporting greater perceptions of damaging behaviours 
will report fewer coral contacting behaviours than those reporting lesser 
perceptions of damaging behaviours. 
Overall, the significant results indicate that respondents who reported increased 
perceptions of damaging behaviours were more likely to also report fewer damaging 
behaviours (Table 17). Respondents who perceived contact with the corals to be 
extremely bad, the likelihood of contact at low tide to be significantly increased, and the 
impacts of the damaging behaviours to be very high, were more likely to also report that 
they never made contact with the corals and they strongly agreed they tried to avoid 
contact with the corals.  
The largest adjusted residual was produced between perception Q39.1 ‘Using the scale 
provided, indicate the level of negative impact you think the following actions have on 
coral reefs: Walking, sitting, standing or kneeling on the corals’ and behaviours Q28 ‘I 
tried to avoid making contact with the coral reef while snorkelling. (strongly disagree - 
strongly agree)’ (Table 17). Respondents who perceived the impact of walking, sitting or 
standing on the coral to be ‘very high’ were more likely to also ‘strongly agree’ they tried 
to avoid contact with the corals (Q28). The strength of this association was weak and 
positive. A difference was found between Turquoise Bay and Oyster Stacks as indicated 
by the largest adjusted residuals, where the perception of contact with the corals as 
good/bad (Q27) was similar between sites while the frequency of contact was greater for 




Table 17. Significant associations between perceptions and behaviours indicate a trend of increased 
perceptions associated with decreasing rates of coral contacts (behaviours). Significant Chi-square results 
are highlighted in green. Significant adjusted residuals (AR) (>2.0) indicated in yellow. Spearman’s test 
results indicated in light orange. Scaled questions response rank indicated in brakets beside most 
significant response. Significant p-values (α = 0.05) in bold. 
Variables Most significant response Significance Strength & direction 















Never (1) 144.37 
< 0.001 








5.1 -0.247 < 0.001 
Q33 (snorkel 


















40.90 0.017 3.5 -0.165 0.001 
Q36 (snorkel 
















Never (1) 62.20 
< 0.001 




Never (1) 53.78 
< 0.001 















Never (1) 162.13 
< 0.001 
2.4 -0.166 0.001 






















Never (1) 71.42 
< 0.001 
2.6 -0.169 0.001 





















Never (1) 65.73 
< 0.001 
3.6 -0.175 < 0.001 
















5.   Discussion 
 Introduction 
Marine protected areas such as the Ningaloo Marine Park are intended to protect marine 
environments for environmental, cultural, and economic reasons, and to allow recreation 
which is consistent with conservation goals (MPRA and CALM, 2005). This study 
investigated the relationships of ability, value-based characteristics, and knowledge with 
perceptions of damaging behaviours and self-reported in-water behaviours of snorkellers 
at the two sites of Turquoise Bay and Oyster Stacks, Ningaloo Marine Park, Western 
Australia. Both sites are popular with visitors to the Cape Range National Park and 
Ningaloo Marine Park for snorkelling, whilst also providing contrasting shoreline types 
which influence the likelihood of long-term impacts consequent to increasing visitation 
and visitor type. Despite the differences in visitation rates, the responses varied little 
between the two study sites, with the survey results indicating that values had the most 
significant associations with both perceptions and behaviours, followed by knowledge. 
Ability had the smallest proportion of significant associations with both perceptions and 
self-reported behaviours. 
 Snorkeller Types and Demographics 
Age differences of respondents between the two sites is likely related to the characteristics 
of the sites and their promotion. Zhang, Zhang, Meng, and Zhang (2019) in their study of 
visitor attributes and preferences in a Japanese national park found that older visitors were 
more likely to consider site conditions (trail quality, difficulty), while younger visitors 
were more likely to consider landscape elements (recreational/photo opportunities). 
Turquoise Bay has a sandy beach and a sandy lagoon and is well-known and widely 
promoted as a key destination to visitors in the region. Oyster Stacks, on the other hand, 
has a rocky entry, is shallow and is a less known and visited site by comparison to 
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Turquoise Bay. Younger visitors were found to be more likely to visit either Turquoise 
Bay only or Turquoise Bay and Oyster Stacks during their trip while older visitors are 
more likely to visit just a single site. These behavioural differences are suggestive of 
demographic associations similar to those found by Zhang et al. (2019), where older 
visitors may take a more considered approach, choosing a single site based on their needs 
and desires, by contrast to younger visitors who may base their decisions more on their 
recreational pursuit. Visitors to Oyster Stacks were more likely to cite divers education 
as their source of knowledge of coral biology, while respondents who visited Turquoise 
Bay alone were more likely to report they had no previous knowledge of coral biology; 
those who visited both sites were more likely to report that the on-site signage was the 
main source of their knowledge. This finding is suggestive of a difference in visitor type 
between the two sites, with Turquoise Bay being a more accessible and widely known 
site perhaps drawing a more generalist type of visitor who seeks beach-based recreation. 
Whereas Oyster Stacks, being a less accessible and lesser known site, draws a more 
specialist type of visitor who has undertaken diver-type training and holds a particular 
interest in the marine aspects of the site. This characterisation of visitor types is similar 
to that by Aguilera, Schmitz, De Aranzabal, Castro, and Pineda (2004), who differentiated 
visitors as specialist based on their specific interest in and pre-existing knowledge of a 
relevant aspect to their trip (e.g. birds, culture). The sampling frame may have contributed 
to the skewing of the respondents and their responses; older visitors of the ‘grey nomad’ 
variety tend to visit the same places annually, and thus may have already visited other 
sites on previous trips, while younger visitors and international visitors may try to fit more 




5.3.1 Ability and Perceptions 
Hypothesis 1: Respondents reporting greater ability will report greater perceptions 
of damaging behaviours than those reporting poorer ability 
Ability and perceptions had the lowest proportion of significant associations compared to 
the other analyses (18%), with all associations being low or weak; only one association 
produced a significantly large (> 2.0) adjusted residual. The largest adjusted residual of 
2.2 lay between ability Q29 (ease avoiding corals) and perceptions Q33 (low tide 
likelihood - TB). On the face of it, the findings support the hypothesis that ‘Respondents 
who report greater ability will report higher perceptions than those who report poorer 
ability’, however more critical analysis of the results indicate to conclusion to be 
erroneous. 
The significant associations indicated a pattern that those reporting a higher ability were 
more likely to also report greater perceptions of damaging behaviours and the adjusted 
residuals indicated a pattern that associated decreasing ability with decreasing 
significance of perceptions. This finding suggests that, although ability has some 
association with perceptions, ability itself is not an antecedent of perceptions. This 
proposition holds when considered in the light of behavioural theories such as TPB, which 
indicates that ‘perceived behavioural control’ (akin to this study’s reported ability) and 
‘attitude towards the behaviour’ (elements of which are akin to this study’s perceptions) 
are each antecedents of behavioural intention, but not of each other (Ajzen, 1991). This 
is further supported by the unexpected finding of a significant association between ability 
Q19 (confidence) and perception Q39.2 (fin contacts). In this association, the largest 
adjusted residual (1.2) was produced for those who reported that they ‘somewhat 
disagreed’ that they had confidence in their ability while still perceiving the impact of fin 
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contacts to be ‘high’. This finding runs contrary to the hypothesis supposition, with the 
overall low proportion of significant associations and small adjusted residuals lending 
credence to this notion that ability as a construct has limited association with perceptions. 
No previous research could be found which examined or commented on a connection 
between abilities and perceptions. When considering this in the light of the results of this 
study, which suggests that ability is a poor indicator of perceptions, this lack is 
unsurprising. The few significant associations identified in this study may be more 
incidental than indicative and the true cause of this association may be related to other 
factors beyond the scope of this study’s analyses. 
5.3.2 Values and Perceptions 
Hypothesis 2: Respondents reporting greater pro-environmental value-based 
characteristics will report greater perceptions of damaging behaviours than those 
reporting lesser pro-environmental value-based characteristics. 
The variables of values and perceptions had the largest proportion of significant 
associations compared to other analyses (56%), all with the large adjusted residuals. The 
results indicated a pattern in most significant associations of greater pro-environmental 
values and higher perceptions of damaging behaviours. The findings support the 
hypothesis that ‘Respondents who report greater pro-environmental values will report 
greater perceptions of damaging behaviours than those who report lesser pro-
environmental values. 
The association between values Q30 (contact importance) and perceptions Q39.1 (impact 
walking, sitting, standing on corals) had the largest adjusted residual, indicating that those 
who reported avoiding contact with corals to be ‘extremely important’ were more likely 
to also report that they perceived the impact of walking, sitting or standing on the corals 
to be ‘very high’. The adjusted residuals indicated a pattern of decreasing importance 
associated with decreasing perceptions. Importance has been suggested to indicate the 
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strength of attitudes (Luttrell & Sawicki, 2020) (here as an element of values), with strong 
attitudes guiding thinking. This could be inferred in this context as the perception of 
behaviours as damaging (or not damaging) in light of the attitude that avoiding contact is 
important, a transaction which may be reciprocal. 
The high proportion of associations and large adjusted residuals located at the extremes 
suggests that values may not necessarily function as an antecedent of perceptions but are 
instead artefacts of the same edifice which is dominant in the sample and are mutually 
influencing. The majority of responses tended towards the pro-environmental extreme of 
the question scales for values and perceptions individually and when tested in association 
this construct remained. 
This is further supported by the association between values Q32 (long-term impact 
concern – OS) and perceptions Q33 (low-tide contact likelihood – TB) in which the 
largest adjusted residual was produced for those who reported that they believed long-
term impacts were neither likely nor unlikely, and the likelihood of contact at Turquoise 
Bay at low tide neither increased nor decreased. Where the values/perceptions construct 
is valid, those reporting towards the centre (neutrality) of the scale on one (values) will 
also likely report similarly on the other (perceptions) irrespective of site visited, such as 
was found. 
5.3.3 Knowledge and Perceptions 
Hypothesis 3: Respondents reporting greater knowledge will report greater 
perceptions of damaging behaviours than those reporting lesser knowledge. 
The variables knowledge and perception had the second largest proportion of significant 
associations (46%), with the largest adjusted residual between knowledge Q14.2 (aware 
of tide height – OS) and perceptions Q36 (low-tide contact likelihood – OS) (4.7). The 
findings suggest that the hypothesis is not necessarily supported. 
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As indicated by the adjusted residuals, those who reported that they were aware of the 
tide height at either Turquoise Bay or Oyster Stacks were more likely to report a 
perception of damaging behaviours as greater than those who reported that they were not 
aware of the tide height. 
This (at times marginal) difference may be explained by the association between 
importance, attitude and knowledge accumulation. For example, Holbrook et al. (2005) 
found that “attaching of personal importance to an attitude leads to the acquisition of 
attitude-relevant information in long-term memory.” (p. 765). This suggests that the 
association evident in the findings of this study run counter to initial assumptions, namely 
that perceptions (of damaging behaviours) influence knowledge (as awareness of the tide 
height), not the other way around. This is especially evident in the association between 
knowledge Q14.2 (aware of tide height – OS) and perceptions Q36 (low-tide contact 
likelihood – OS) where the main contributor to the significant result (adjusted residual 
4.7) was for those who reported that they were aware of the tide height at Oyster Stacks 
and were also more likely to report they perceived the likelihood of contact with the corals 
when snorkelling at the site at low-tide to be ‘significantly increased’. The contribution 
of what Boninger, Krosnick, and Berent (1995) describe as ‘self-interest effects’ may 
influence the association found here, as perhaps personal injury or normative influences 
inform perceptions as the personally held attitude toward the behaviour resulting in a 
proclivity for checking the tide information before visiting a site (e.g. behavioural 
experience, see Lau, Quadrel, and Hartman (1990) and Young, Thomsen, Borgida, 
Sullivan, and Aldrich (1991)). The findings here further support the apparent validity of 
this notion, extending it into the realm of marine protected areas. 
Contrary to hypothesis 3 (Table 1), those who reported that they had ‘no previous 
knowledge’ of coral biology were more likely to also report they perceived the impact of 
walking, sitting or standing on the corals to be ‘high’. This contradictory finding lends 
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further support to the argument regarding the study by Boninger et al. (1995) of ‘self-
interest effects’ as the perception relates to the impact to the corals and not to one’s 
person. However, it may also suggest that the association between greater knowledge and 
greater perceptions may be stronger for direct concepts (tide heights and contact 
likelihood at low tide) than for less direct concepts (the tide height and impact of walking, 
sitting or standing on the corals). What this finding does indicate is that this line of inquiry 
warrants more investigation. 
 Behaviours 
5.4.1 Ability and Behaviours 
Hypothesis 4: Respondents reporting greater ability will report fewer coral 
contacting behaviours than those reporting poorer ability. 
The variables ability and behaviours had the lowest proportion of significant associations 
compared the other analyses (20%), with the largest adjusted residual (6.2) being between 
ability Q29 (ease avoiding corals) and behaviours Q22 (self-reported contact – TB). 
Overall, these results support the hypothesis that ‘Respondents who report greater ability 
will report fewer coral contacts (behaviours) than those who report poorer ability’. 
All the significant associations followed a pattern whereby greater ability was associated 
with fewer coral-contacting behaviours. This is demonstrated in the association between 
ability Q29 (ease avoiding corals) and behaviour Q22 (self-reported contact – TB) and 
Q23 (self-reported contact – OS), in which the large adjusted residuals indicated that 
those who reported they found it ‘extremely easy’ to avoid contact with the corals were 
more likely to also report they ‘never’ made contact with the corals at both study sites. 
The other large (>2.0) adjusted residuals indicated a pattern where reported ability 
decreased as reported contact rates increased. Previous studies (Allison, 1996; Barker, 
2003; Rogers et al., 1988) have suggested or theorised that those who were observed to 
be less comfortable in the water or who reported themselves as less capable in the water 
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were more likely to make contact with corals. Den Haring and Sutton (2019) found that 
for the snorkellers in their study, reported ability did not necessarily produce pro-
environmental behaviours such as not making contact with corals. Their study, however, 
did not address the nuance of scale by taking a binary approach to observation of contact; 
snorkellers either did or did not make contact. By contrast, what this current study 
highlights is the shift in contact rates as associated with self-assessed ability. 
Nevertheless, this study does miss out on the comparison with observations of behaviours 
in order to validate this finding of an association as either legitimate or a product of 
personal mythologies. 
A finding which does not directly support the hypothesis, but which nevertheless proves 
interesting is the significant association between ability Q18 (snorkel frequency) and 
behaviour Q24 (other snorkeller contacts – TB). The largest adjusted residual (3.8) 
indicated that those who reported their frequency of snorkelling as typically less than once 
per year were more likely to also report they ‘never’ saw other snorkellers make contact 
with the corals at Turquoise Bay. When looking at the other large (>2.0) adjusted residual 
a pattern emerged whereby, reported increasing frequency was associated with increasing 
rates of observed contacts in other snorkellers. However, it is beyond the scope of this 
study to comment on whether this finding is representative of actual behaviour or of the 
effect of personal mythologies that drives respondents to represent themselves in a certain 
way (i.e. as good environmentally conscious visitors) (Feinstein, 1979). 
This study relied on the self-assessment of ability by the respondents using a pre-
determine scale based on previous studies (see section 3.2.2. Ability). However, this study 
and its findings would benefit from the validation of these responses through in-water 
observation of a sample of similar size and demographics to this study. This would in turn 
provide an insight into the accuracy of self-assessment and how personal mythologies 
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(see Feinstein, Krippner, and Granger (1988)) influence responses, and the potential for 
difference between the metric in association with the dependent variables. 
5.4.2 Values and Behaviours 
Hypothesis 5: Respondents reporting greater pro-environmental value-based 
characteristics will report fewer coral contacting behaviours than those reporting 
lesser pro-environmental value-based characteristics. 
The variables values and behaviours had largest proportion of significant associations 
when compared to other analyses (63%), with the largest adjusted residual (6.9) between 
values Q30 (contact importance) and behaviour Q28 (avoided contacts). Overall, the 
results support the hypothesis that ‘Respondents who report greater pro-environmental 
values will report fewer coral contacts (behaviours) than those who report lesser pro-
environmental values’. 
The association between values Q30 (contact importance) and behaviour Q28 (avoided 
contacts) had the largest adjusted residual (6.9), thereby indicating that those who 
reported they believed that avoiding contact with the corals was ‘extremely important’ 
were also more likely to report that they ‘strongly agreed’ with trying to avoid contact 
with the corals when snorkelling. Importance has been suggested as indicative of the 
strength of attitudes (an element of values) and where an attitude is considered important 
it may influence decision making and actions. Strength of attitude is widely agreed to 
increase predictability of behaviour (Petty and Krosnick (1995) as cited in Holbrook et 
al. (2005)). Overall, the responses tended towards the intersection of greater pro-
environmental values and fewer reported behaviours. This finding is consistent with much 
previous work in this area which indicates that the pro-environmental values or attitudes 
that people hold will influence their behaviours (Gupta & Sharma, 2019; Karp, 1996; 
Nordlund & Garvill, 2016). 
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Previous research which has considered values or value-type constructs in snorkellers in 
a marine context have taken a low-order, management-relevant focus by looking at 
elements of trip satisfaction, benefits, and perception of experience (Brander et al., 2007; 
Hannak et al., 2011; Shafer & Inglis, 2000). This type of view focussed on how the object 
(reefs) affects the actor (snorkellers) has consequently rendered the field somewhat bereft 
of information on how the values of the actor (snorkeller) influences behaviour towards 
the object (reefs), as work from social science has indicated the significant role which 
values play in influencing thinking and consequent action (Ajzen, 1991; Eaton & Visser, 
2008; Luttrell & Sawicki, 2020; Petty & Krosnick, 1995). Studies in terrestrial settings 
have shown how reversing this archetype to assess how the actor affect or think they 
affect the object can be useful for understanding and then influencing visitors’ behaviours 
(Brown, Ham, & Hughes, 2010; Hughes, Ham, & Brown, 2009; Hughes, Weiler, & 
Curtis, 2012). 
Those reporting greater pro-environmental values were more likely to also report that 
they ‘never’ made contact with the corals and although the validity of self-reported 
behaviours in the context of pro-environmentalism warrants a ‘grain of salt’ (Kormos & 
Gifford, 2014). This nevertheless indicates a consistency among the majority of 
respondents between their values and behaviours. Higham and Carr (2002) concluded that 
ecotourism itself was a useful means of influencing pro-environmental attitudes, with this 
suggesting a potential opportunity to maintain the pro-environmental values-behaviour 
set by visitors at the study sites. Habitual behaviours have been highlighted as a 
significant intervening factor in the association between values and behaviours (Hughes 
et al., 2009; Klöckner, 2013), although this was itself not included in the scope of this 
study. It is my recommendations that, in conjunction with observations, investigation into 
habits and their role would be a beneficial future development of this course of enquiry. 
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5.4.3 Knowledge and Behaviours 
Hypothesis 6: Respondents reporting greater knowledge will report fewer coral 
contacting behaviours than those reporting lesser knowledge. 
The variables knowledge and behaviours had the second largest proportion of significant 
associations (33%) with the largest adjusted residual of 5.0 between knowledge Q14.2 
(aware of tide height – OS) and behaviour Q23 (self-reported contact – OS). The results 
indicate insufficient evidence to support the hypothesis ‘Respondents reporting greater 
knowledge will report fewer coral contacts (behaviours) than those reporting lesser 
knowledge’. 
As indicated by the adjusted residuals, those who reported that they were not aware of the 
tide height at Turquoise Bay or Oyster Stacks were more likely to report more frequent 
coral contacts than those who were aware. Similarly, those who reported less-formal 
sources of knowledge about coral biology, measured using knowledge Q38 (coral 
biology), were more likely to report more frequent coral contacts than those with a more 
formal knowledge source such as ‘diver education’. These findings may indicate two 
things. Firstly, it may indicate that those who were aware of the tide height were likely 
aware of its importance in terms of ‘self-interest effects’ (Boninger et al., 1995), and they 
subsequently visited the sites at times of higher tides and were therefore less able of 
making contact with the corals or were also more conscious of the importance of not 
making contact with the corals (see section 5.3.1.). Secondly, it may indicate that the more 
formal the source of knowledge about coral biology (diver education), the greater the 
indicated awareness of the impact of making contact with the corals; this attitude of 
importance results in a behaviour of ‘never’ making contact, which is consistent with the 
findings of Thapa, Graefe, and Meyer (2005). By contrast, those who reported they had 
sources of knowledge that were less formal, such as ‘on-site signs’ or ‘conversations with 
other snorkellers,’ reported greater contact rates. An interesting result was that those who 
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reported ‘on-site signs’ as their source of knowledge also had the greatest contact rates at 
Turquoise Bay, which has a detailed information board near the beach entry that depicts 
corals being broken by contacting snorkeller’s fins (see Figure 14); ironically, this 
information board demonstrates the very behaviour it is intended to eschew. Another 
cause of the association between ‘on-site signs’ and more frequent contact rates could be 
a reticence to admit no previous knowledge (this option was included) and thus those who 
had given the on-site signs a cursory glance during their visit but had no other previous 
knowledge of coral biology would be inclined to respond in this way. 
It is generally accepted that knowledge alone is insufficient a determinant of behaviour 
(Kennedy, Beckley, McFarlane, & Nadeau, 2009; Kollmuss & Agyeman, 2010; Vicente-
Molina, Fernández-Sáinz, & Izagirre-Olaizola, 2013). However, as this study indicates 
and as previous studies have likewise found, knowledge or awareness does indeed play a 
role in the myriad influences on behaviours (Eilam & Trop, 2012; Frick, Kaiser, & 




Figure 14. A section of the information board located near entry to the Drift Beach at Turquoise Bay 
which depicts corals being broken by a snorkeller’s fins and reference to this behaviour as damaging 
within the paragraph to its right. Image source Godwin 2020. 
 
5.4.4 Perceptions and Behaviours 
Hypothesis 7: Respondents reporting greater perceptions of damaging behaviours 
will report fewer coral contacting behaviours than those reporting lesser 
perceptions of damaging behaviours. 
The variables perception and behaviours had a large proportion of significant associations 
(53%), with the largest adjusted residual of 5.5 between perceptions Q39.1 (impact of 
walking, sitting or standing) and behaviours Q28 (avoided contact). Overall, the results 
support the hypothesis that ‘Respondents who report greater perceptions of damaging 
behaviours will report fewer contacts (behaviours) than those who report lesser 
perceptions. 
The results indicate a pattern of greater perceptions associated with fewer reported coral 
contacting behaviours, highlighted by the large (>2.0) adjusted residuals; this, however, 
was less consistent than in the other associations tested. This pattern of greater 
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perceptions is exemplified by the association between perceptions Q39.1 (impact of 
walking, sitting, standing) and behaviours Q28 (avoided contact), where respondents who 
reported that they perceived the impact of walking, sitting or standing on the corals to be 
‘very high’ were more likely to also report that they ‘strongly agreed’ trying to avoid 
contact with the corals while snorkelling. What this finding may indicate is that those 
who have greater perceptions of the impacts of damaging behaviours will hold this as a 
personal attitude which informs their behavioural intention, or that performing the 
behaviour (contacting corals) may be associated with feelings of guilt in relation to the 
perceived impact (Bamberg & Möser, 2007). In either case, perceptions may play a 
moderating role on behaviours. 
Between the two study sites an unexpected difference was found, where the reported 
perception of contact with the corals as good/bad (Q27) was similar for the two sites, at 
Turquoise Bay (Q22), however, respondents reported a greater frequency of contacts than 
respondents at Oyster Stacks (Q23). This may be indicative of a difference in the visitor 
types to the two sites overall, with visitors to Oyster Stacks more likely to have 
undertaken diver education and have snorkelling as their main reason for visiting (with a 
subsequent pro-environmental attitude and stronger behavioural intention), while 
Turquoise Bay visitors were more likely to be general recreationalists (see section 5.2.). 
This line of thinking is supported by a study by Ong and Musa (2011), who found there 
to be a significant relationship between personal norms and underwater behaviour in 
SCUBA divers and postulated that relationship to be logical given the effort and intention 
required to undertake diving training and engage in diving activities. Previous studies 
have found that a large proportion of participants (snorkellers) held views that reef quality 
and condition were affected by snorkelling but did not look for association between 




The current management plan for the Ningaloo Marine Park states that due to projected 
increases in human use, additional facilities such as dive trails may be needed to help 
“protect the ecological values from human disturbance and enhance visitor experiences” 
(MPRA and CALM, 2005, p. 100). The 2019 draft management plan for the Ningaloo 
Coast specifically states that formal snorkelling trails are not included as part of its 
recommendations, but that “[o]n-site interpretation of snorkelling opportunities may be 
provided” (DBCA, 2019, p. 85). Snorkelling trails have been used at other sites around 
the world to great effect by limiting the spatial breadth of impact, providing support to 
novice snorkellers (pontoons to hold, signs indicating behavioural etiquette) and 
enhancing their experience through informative signs (Claudet et al., 2010; Hannak et al., 
2011; Plathong et al., 2000). In light of the findings of this study, snorkelling trails with 
rest stations and underwater information would provide a useful way of integrating 
interactive learning to the snorkelling experience while containing the snorkeller footprint 
and supporting those who are less capable in the water. This would also promote and 
facilitate pro-environmental values and attitudes, likely resulting in greater pro-
environmental behaviours in visitors (Higham & Carr, 2002), while also meeting the aims 
of the management plan to simultaneously facilitate visitor experience and conserve the 
marine environment (MPRA and CALM, 2005). 
The results of this study have further reinforced the influence which the value-based 
characteristics (in this context of snorkellers) may have on their actual behaviours, 
indicating a strong avenue for future management strategies. Previous studies have found 
that targeting visitor values, especially normative beliefs, can be an effective way of 
managing problem behaviours (for example Brown et al. (2010) and Hughes et al. 
(2009)). Byerly et al. (2018) found through their meta-analysis of literature on pro-
environmental behaviour change that interventions aimed at normative beliefs were the 
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most consistently effective (p. 165). The results of this study have indicated that the 
majority of respondents hold strong pro-environmental values and generally perceive the 
impact of damaging behaviours to negatively impact the corals. The large proportion of 
significant associations found between both values and perceptions with behaviours 
provides further evidence of the merit of pursuing this avenue of targeting values and 
normative beliefs in future management strategies. 
The result that those visitors whose main source of knowledge on coral biology came 
from on-site signs were more likely to report higher rates of coral contacts is suggestive 
of a miscommunication in on-site messaging (see section 5.4.3., and Figure 14). 
Information signs at the sites related to people making contact with the corals, are 
paradoxically demonstrating the very behaviour they are intended to limit. Both sites 
receive large numbers of visitors from varied backgrounds, so information guiding 
visitors in behavioural etiquette needs to be clear and simple and needs to use universal 
language in order to be effective (Moscardo, Woods, & Saltzer, 2004; Townsend, 2003). 
 Summary 
This study has captured the complexity of the drivers of behaviours and perceptions in 
snorkellers and confirmed assumptions on how these independent and dependent 
variables relate. Understanding what drives damaging behaviours is a challenging task, 
however by recognising the interplay between the variables of ability, value-based 
characteristics, knowledge, perceptions of damaging behaviours and self-reported 
behaviours, managers are better informed and equipped to address the causes of damaging 
behaviours rather than targeting symptoms.  
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6.   Conclusion 
 Research Overview  
Surveying the visitors to the two study sites of Turquoise Bay and Oyster Stacks in the 
Ningaloo Marine Park, Western Australia. I found that overall, those snorkellers who 
reported greater ability, pro-environmental values, and knowledge were more likely to 
also report greater perceptions of damaging behaviour and fewer self-reported coral 
contacting behaviours. This study found that looking at the association between ability 
and perceptions is not useful as they have limited logical connection, and thus the 
association produced here is likely indicative of an underlying factor common to both. 
Looking at association between values and perceptions as separate variables 
demonstrated that this approach is not particularly useful, as they are essentially 
measuring elements of the same construct. Knowledge accumulation has been shown by 
previous studies to be related to attitude importance, and the findings of this study support 
this however the hypothesis that knowledge would influence perceptions (which was 
based on assumptions) is back to front and therefore unsupported. Previous studies had 
suggested there to be an association between snorkellers ability and in-water behaviours, 
and this study has provided evidence that those reporting greater ability were more likely 
to report fewer coral -contacting behaviours. There were a large proportion of significant 
associations between values and behaviours, with respondent’s overall reporting greater 
pro-environmental values and few coral-contacts. This result supports the findings of 
previous studies, to wit that strength of attitude can inform the predictability of behaviour, 
extending this knowledge to snorkellers in MPAs. The associations between knowledge 
and behaviours indicated that those reporting less knowledge were more likely to report 
more frequent coral-contacts (and vice-versa) and that knowledge source (coral biology) 
was associated with differing coral-contact rates, with more formal knowledge sources 
reporting the least contacts. The associations between perceptions and behaviours overall 
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supported the hypothesis, but also provided insight to the differences between the visitor 
types between the two study sites, with Turquoise Bay attracting more general 
recreationalists and Oyster Stacks attracting visitors with more specific marine activity-
based intention and background. 
 Implications 
Concerns over the negative impacts at the two study sites due to increasing rates of 
visitation is evidently not unwarranted; the results of this study nevertheless indicate that 
the cohort who responded to this survey consider themselves as having strong ability, pro-
environmental values and good knowledge whilst also reporting high perceptions of the 
impacts of damaging behaviours and engaging in few damaging behaviours. While these 
findings are limited in that they are based on responses and not observations, they are still 
indicative of a mindset or culture amongst the respondents which, given the sample size, 
may be generalisable to the expected mindset or culture of visitors at the two study sites. 
This knowledge can help inform management approaches, for example by tailoring 
messaging to target the normative belief that most people want to be seen to be doing the 
‘right’ thing, which in the context of this study appears to be not impacting on the coral 
reef. Likewise, it is evident from this study that messaging is important because on-site 
signs appear to be widely used by visitors, and as such the messaging they present must 
be clear, concise, and persuasive. These results may have been influenced by the sampling 
frame comprised largely of CRNP campers. 
 Recommendations for Future Research 
Directions 
Through the progression of this study, several points arose which may be worthy of future 
inquiry. Firstly, as this study focussed on the volunteered responses of past visitors to the 
two study sites, in-water observations of snorkeller behaviours would provide an 
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important validation of the responses. Secondly, habitual behaviours (those which have 
become habit and are no longer influenced by thought) have been highlighted in previous 
studies as a significant factor in the association between values and behaviours; this, 
however, was not a concept included in the present study. As habitual behaviours do not 
necessarily respond to reasoning they require a different management approach, and thus 
inquiry in how the responses were potentially affected by habituation may prove useful. 
Thirdly, surveying visitors whose trip fell within peak visitation periods (Australian 
school holidays) would provide a valuable comparison with this study to validate if the 
responses gathered are typical or if they pertain to an ‘off-peak’ visitor type. Fourthly, 
this study’s sampling frame was highly skewed towards visitors who camped in the 
CRNP, and thus a more expansive sample which encompasses the day-trip type visitors 
would aid the validation of the results of this study. And finally, spatial analysis of 
snorkeller distributions at each site could be performed to determine the snorkeller 
‘footprint’, the key locations of interest, and determine the areas of vulnerability which 
warrant protection. This information could be paired with a social survey to inform 
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Appendix 
Appendix A: Questionnaire 
Survey used to collect social data on visitors who snorkelled at the two study sites of Turquoise Bay and 
Oyster Stacks. 
Snorkelling Experiences at Ningaloo Reef 
 
Ningaloo Marine Park Snorkelling experience survey 
Hi, my name is Danielle and I am a student at Murdoch University. 
I am working with the WA Department of Biodiversity, Conservation and Attractions on a project about 
snorkelling at Turquoise Bay & Oyster Stacks in the Ningaloo Marine Park. I am interested in learning about 
people’s snorkelling experiences and what they think about the coral reefs. This survey will ask general 
questions about the snorkelling experience, including what you value and your opinions on the coral. 
Please know that there are no right or wrong responses, nor are some responses better or worse than others. I 
simply want to know your honest opinions about snorkelling at Ningaloo Reef. Your feedback will help to 
manage and improve this beautiful area for future use. 
This survey is completely confidential and voluntary, and you are free to stop at any time. You can choose 
not to answer any of the questions. You can decide to withdraw your consent to participate in this research 
by closing the browser window. 
If you have any questions regarding this study please contact:  
Danielle Godwin (danielle.godwin@murdoch.edu.au) 
Mike Hughes (m.hughes@murdoch.edu.au) 
Halina Kobryn (h.kobryn@murdoch.edu.au) 
 
The results of this project will be made available on the Murdoch Research Repository 
(https://researchrepository.murdoch.edu.au/) 
 
This study has been approved by the Murdoch University Human Research Ethics Committee (Approval 
2020/027).  If you have any reservation or complaint about the ethical conduct of this research, and wish to 
talk with an independent person, you may contact Murdoch University’s Research Ethics Office (Tel. (+61 
8) 9360 6677) or e-mail ethics@murdoch.edu.au). Any issues you raise will be treated in confidence and 
investigated fully, and you will be informed of the outcome. 
 
To begin the survey click the ‘Next’ button below! 
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Page exit logic: Skip / Disqualify LogicIF: #1 Question "Are you over 18 years old? " is one of the following answers ("No") THEN: Jump to page 15 - Thank You! 




Page exit logic: Skip / Disqualify Logic IF: #2 Question "During your most recent trip, did you go snorkelling at Turquoise Bay and/or Oyster Stacks? (please select all relevant to 
you) " is one of the following answers ("I did not visit either Turquoise Bay or Oyster Stacks") THEN: Jump to page 15 - Thank You! 
 
Logic: Show/hide trigger exists.  
2) During your most recent trip, did you go snorkelling at Turquoise Bay and/or Oyster Stacks? (please select all relevant to you) 
 Turquoise Bay 
 Oyster Stacks 
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Tell us about your trip to Ningaloo! 
Page exit logic: Skip / Disqualify LogicIF: #6 Question "Were you on a holiday/business trip to the Ningaloo/Exmouth region?" is one of the following answers ("No") THEN: 
Jump to page 6 - Snorkelling at Turquoise Bay and Oyster Stacks 
 








5) Overall, how often do you visit the following places? 
 On a weekly 
basis 
More than 5 
times per year 
2 to 5 times 
per year 
Once a year 
Once every 1 
to 2 years 
Once every 3 
to 5 years 
less than once 
every 5 years 
Never visited 
Ningaloo Marine Park 
        
Turquoise Bay 
        
Oyster Stacks 
        
 
Logic: Show/hide trigger exists.  
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Your trip to the Ningaloo region 
Validation: Must be numeric Whole numbers only Positive numbers only 
Logic: Hidden unless: #6 Question "Were you on a holiday/business trip to the Ningaloo/Exmouth region?" is one of the following answers ("Yes") 
7) During your most recent trip to Ningaloo Marine Park, how many times did you visit the following sites? (please enter a number) 
 Turquoise Bay:  
 Oyster Stacks:  
Validation: Must be numeric Whole numbers only Positive numbers only 
Logic: Hidden unless: #6 Question "Were you on a holiday/business trip to the Ningaloo/Exmouth region?" is one of the following answers ("Yes") 
8) During your most recent trip, how many nights did you stay in the Ningaloo/Exmouth region? (please enter a number) 
_________ 
 
Logic: Hidden unless: #6 Question "Were you on a holiday/business trip to the Ningaloo/Exmouth region?" is one of the following answers ("Yes") 
9) Where did you stay during your most recent trip to the Ningaloo/Exmouth region? (Please specify which town/location and the type of 
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Snorkelling at Turquoise Bay and Oyster Stacks 
Logic: Hidden unless: #2 Question "During your most recent trip, did you go snorkelling at Turquoise Bay and/or Oyster Stacks? (please select all relevant to you)" is one 
of the following answers ("Turquoise Bay") 
10) How did you first find out about Turquoise Bay? 
 Word of mouth/friends 
 Visitor centre (local tourism office) 
 Local knowledge 
 Social media (e.g. Facebook, Instagram) 
 Parks and Wildlife office/staff member 
 Parks and Wildlife website (Explore Parks or Park Stay WA) 
 Other internet website 
 Parks and Wildlife brochure 
 Other brochure 
 Tourist magazine/map 
 Travel television show 
 Other - Write In:  
Logic: Hidden unless: #2 Question "During your most recent trip, did you go snorkelling at Turquoise Bay and/or Oyster Stacks? (please select all relevant to you)" is one 
of the following answers ("Oyster Stacks") 
11) How did you first find out about Oyster Stacks? 
 Word of mouth/friends 
 Visitor centre (local tourism office) 
 Local knowledge 
 Social media (e.g. Facebook, Instagram) 
 Parks and Wildlife office/staff member 
 Parks and Wildlife website (Explore Parks or Park Stay WA) 
 Other internet website 
 Parks and Wildlife brochure 
 Other brochure 
 Tourist magazine/map 
 Travel television show 
 Other - Write In:  
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Logic: Hidden unless: #2 Question "During your most recent trip, did you go snorkelling at Turquoise Bay and/or Oyster Stacks? (please select all relevant to you)" is one 
of the following answers ("Turquoise Bay") 
12) Are you aware of the 'drift loop' at Turquoise Bay? 
 Yes 
 No 
Logic: Hidden unless: #2 Question "During your most recent trip, did you go snorkelling at Turquoise Bay and/or Oyster Stacks? (please select all relevant to you)" is one 
of the following answers ("Turquoise Bay") 
13) Did you swim the drift loop at Turquoise Bay? 
 Yes 
 No 
Logic: Hidden unless: #2 Question "During your most recent trip, did you go snorkelling at Turquoise Bay and/or Oyster Stacks? (please select all relevant to you)" is one 
of the following answers ("Turquoise Bay","Oyster Stacks") 
14) On your most recent visit, were you aware of the tide height before you arrived at the following locations? 
 Yes No Never visited 
Turquoise Bay 
   
Oyster Stacks 
   
 
Logic: Hidden unless: #2 Question "During your most recent trip, did you go snorkelling at Turquoise Bay and/or Oyster Stacks? (please select all relevant to you)" is one 
of the following answers ("Turquoise Bay","Oyster Stacks") 
15) On your most recent trip, what type of fins did you use while snorkelling? 
 Solid fin 
 Split fin 
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Tell us about your swimming and snorkelling ability 
16) Roughly how many lengths of a standard 25 metre (82 feet) pool can you swim without stopping or touching the bottom? 
 None (cannot swim) 
 Less than one length (< 25m) 
 1 to 8 lengths (25m - 200m) 
 More than 8 lengths (> 200m) 
17) Treading water is a swimming technique where you move your arms and legs to keep your body afloat in an upright position with your head above 
the water. 
For how long could you comfortably tread water in calm conditions? 
 Not at all (cannot tread water) 
 For less than 1 minute 
 For more than 1 minute, but less than 5 minutes 
 For more than 5 minutes 
18) In an ordinary calendar year, how often do you usually go snorkelling?  
 On a weekly basis 
 More than 5 times per year 
 2 to 5 times per year 
 Once per year 
 Less than once per year 
 First time during trip 
19) Using the scale provided, please respond to this statement: I have complete confidence in my swimming abilities when I snorkel.  
Strongly disagree   
Neither agree nor 
disagree 
  Strongly agree 
1 2 3 4 5 6 7 
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Tell us about the reasons important to you for snorkelling at Turquoise Bay and Oyster Stacks 
Logic: Hidden unless: #2 Question "During your most recent trip, did you go snorkelling at Turquoise Bay and/or Oyster Stacks? (please select all relevant to you)" is one 
of the following answers ("Turquoise Bay","Oyster Stacks") 
20) Using the scale provided, tell us how important the following reasons for snorkelling were for you on your most recent trip. 















        
Snorkelling the drift loop 
        
Seeing the corals 
        
Seeing marine wildlife 
        
Participation in outdoor 
recreation 
        
Connecting with nature 
        
Learn about nature 
        
Experience something 
new/different 
        
Socialise with 
friends/family 
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Tell us about your snorkelling experience  
Logic: Hidden unless: #2 Question "During your most recent trip, did you go snorkelling at Turquoise Bay and/or Oyster Stacks? (please select all relevant to you)" is one 
of the following answers ("Turquoise Bay","Oyster Stacks") 
21) Using the scale provided, for your most recent trip indicate how satisfied you were with your snorkelling experience at the sites overall. 
Extremely 
dissatisfied 
  neutral   Extremely satisfied 
1 2 3 4 5 6 7 
Logic: Hidden unless: #2 Question "During your most recent trip, did you go snorkelling at Turquoise Bay and/or Oyster Stacks? (please select all relevant to you)" is one 
of the following answers ("Turquoise Bay") 
22) People often report making contact with corals due to unfamiliarity with area or equipment, water conditions, or their own swimming ability. 
During your most recent visit, how often did you find yourself making contact with the corals while snorkelling at Turquoise Bay? 
Never   Sometimes   Continuously 
1 2 3 4 5 6 7 
Logic: Hidden unless: #2 Question "During your most recent trip, did you go snorkelling at Turquoise Bay and/or Oyster Stacks? (please select all relevant to you)" is one 
of the following answers ("Oyster Stacks") 
23) People often report making contact with corals due to unfamiliarity with area or equipment, water conditions, or their own swimming ability. 
During your most recent visit, how often did you find yourself making contact with the corals while snorkeling at Oyster Stacks? 
Never   Sometimes   Continuously 
1 2 3 4 5 6 7 
Logic: Hidden unless: #2 Question "During your most recent trip, did you go snorkelling at Turquoise Bay and/or Oyster Stacks? (please select all relevant to you)" is one 
of the following answers ("Turquoise Bay") 
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24) During your most recent visit, how often did you see other snorkellers physically contacting corals while snorkelling at Turquoise Bay? 
Never   Sometimes   Continuously 
1 2 3 4 5 6 7 
Logic: Hidden unless: #2 Question "During your most recent trip, did you go snorkelling at Turquoise Bay and/or Oyster Stacks? (please select all relevant to you)" is one 
of the following answers ("Oyster Stacks") 
25) During your most recent visit, how often did you see other snorkellers physically contacting corals while snorkelling at Oyster Stacks? 
Never   Sometimes   Continuously 
1 2 3 4 5 6 7 
 
For the following statements and thinking only about your most recent visit to Ningaloo, indicate which response best matches 
your experience while snorkelling.  
Logic: Hidden unless: #2 Question "During your most recent trip, did you go snorkelling at Turquoise Bay and/or Oyster Stacks? (please select all relevant to you)" is one 
of the following answers ("Turquoise Bay","Oyster Stacks") 
26) Making physical contact with the coral reef was: 
Extremely unlikely      Extremely likely 
1 2 3 4 5 6 7 
27) Making physical contact with the coral reef is _____ for the coral reef. 
Extremely bad      Extremely good 
1 2 3 4 5 6 7 
Logic: Hidden unless: #2 Question "During your most recent trip, did you go snorkelling at Turquoise Bay and/or Oyster Stacks? (please select all relevant to you)" is one 
of the following answers ("Turquoise Bay","Oyster Stacks") 
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28) I tried to avoid making contact with the coral reef while snorkelling. 
Strongly disagree      Strongly agree 
1 2 3 4 5 6 7 
Logic: Hidden unless: #2 Question "During your most recent trip, did you go snorkelling at Turquoise Bay and/or Oyster Stacks? (please select all relevant to you)" is one 
of the following answers ("Turquoise Bay","Oyster Stacks") 
29) For me, avoiding contact with the coral reef while snorkelling was: 
Extremely difficult      Extremely easy 
1 2 3 4 5 6 7 
Logic: Hidden unless: #2 Question "During your most recent trip, did you go snorkelling at Turquoise Bay and/or Oyster Stacks? (please select all relevant to you)" is one 
of the following answers ("Turquoise Bay","Oyster Stacks") 
30) For me, avoiding contact with the coral reef while snorkelling was: 
Extremely unimportant      Extremely important 
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For the following statements, use the scales provided to indicate which response best fits your opinion. 
Logic: Hidden unless: #2 Question "During your most recent trip, did you go snorkelling at Turquoise Bay and/or Oyster Stacks? (please select all relevant to you)" is one 
of the following answers ("Turquoise Bay") 
31) Long-term negative impacts of snorkelling on coral reefs at Turquoise Bay are: 
Not a concern      Extremely concerning 
1 2 3 4 5 6 7 
Logic: Hidden unless: #2 Question "During your most recent trip, did you go snorkelling at Turquoise Bay and/or Oyster Stacks? (please select all relevant to you)" is one 
of the following answers ("Turquoise Bay") 
32) Long-term negative impacts of snorkelling on the coral reefs at Turquoise Bay are: 
Extremely unlikely      Extremely likely 
1 2 3 4 5 6 7 
Logic: Hidden unless: #2 Question "During your most recent trip, did you go snorkelling at Turquoise Bay and/or Oyster Stacks? (please select all relevant to you)" is one 
of the following answers ("Turquoise Bay") 
33) Snorkelling at Turquoise Bay at low tide means the likelihood of making contact with corals is: 
Significantly 
increased 
     
Significantly 
decreased 
1 2 3 4 5 6 7 
Logic: Hidden unless: #2 Question "During your most recent trip, did you go snorkelling at Turquoise Bay and/or Oyster Stacks? (please select all relevant to you)" is one 
of the following answers ("Oyster Stacks") 
34) Long-term negative impacts of snorkelling on coral reefs at Oyster Stacks are: 
Not a concern      Extremely concerning 
1 2 3 4 5 6 7 
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Logic: Hidden unless: #2 Question "During your most recent trip, did you go snorkelling at Turquoise Bay and/or Oyster Stacks? (please select all relevant to you)" is one 
of the following answers ("Oyster Stacks") 
35) Long-term negative impacts of snorkelling on the coral reefs at Oyster Stacks are: 
Extremely unlikely      Extremely likely 
1 2 3 4 5 6 7 
Logic: Hidden unless: #2 Question "During your most recent trip, did you go snorkelling at Turquoise Bay and/or Oyster Stacks? (please select all relevant to you)" is one 
of the following answers ("Oyster Stacks") 
36) Snorkelling at Oyster Stacks at low tide means the likelihood of making contact with corals is:  
Significantly 
increased 
     
Significantly 
decreased 
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Tell us about what influenced your snorkelling experience 
Logic: Hidden unless: #2 Question "During your most recent trip, did you go snorkelling at Turquoise Bay and/or Oyster Stacks? (please select all relevant to you)" is one 
of the following answers ("Turquoise Bay","Oyster Stacks") 















White/bleached patches of 
corals 
        
Broken/damaged corals 
        
Attractiveness of the corals 
        
Presence of stingers 
        
Water clarity 
        
Water temperatures 
        
Strength of currents 
        
Winds 
        
Presence of marine wildlife 
        
The behaviour of other 
snorkellers/swimmers 
        
Number of other people in the 
water 
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Tell us what you know about impacts to coral 
38) What is the main source of your knowledge of coral biology? 
 University 
 Diver education 
 Technical literature 
 Conversations with other snorkellers 
 On-site signs 
 No previous knowledge 
39) Using the scale provided, indicate the level of negative impact you think the following actions have on coral reefs. 
 No impact 
Very low 
impact 







Walking, sitting, standing or 
kneeling on the corals 
        
Contact with fins while 
snorkelling 
        
Touching, grabbing, brushing 
against the corals 
        
Collecting corals 
        
Stirring up silt/mud/sand 
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Tell us about yourself 
Page exit logic: Skip / Disqualify LogicIF: #1 Question "Are you over 18 years old?" is one of the following answers ("No") THEN: Jump to page 15 - Thank You! 
Page exit logic: Skip / Disqualify LogicIF: #1 Question "Are you over 18 years old?" is one of the following answers ("No") THEN: Jump to page 15 - Thank You! 




41) Where is your usual place of residence? 
Australia (postcode):  
Overseas (country):  








43) What is the highest level of education you have completed? 




44) Thinking in general, select the number on the scale below that best fits your opinion.  
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Maintaining natural environment has 
priority even with economic costs 
  Equal priority   
Economic considerations have priority 
even with environmental costs 
1 2 3 4 5 6 7 
45) During the last 12 months, have you done one or more of the following? (please select all applicable to you) 
 Booked a campsite at Ningaloo through the WA Parks and Wildlife Service. 
 Purchased a WA Parks Pass (Annual, Holiday, Goldstar, or Local) 
 
Thank You! 
Thank you for taking our survey. Your response is very important to us! 
The results of this project will be made available in November 2020 on the Murdoch Research Repository (https://researchrepository.murdoch.edu.au/). 
 
If you have any questions or concerns regarding this survey or our study please feel free to contact us: 
Danielle Godwin (danielle.godwin@murdoch.edu.au) 
Michael Hughes (m.hughes@murdoch.edu.au) 
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Appendix B: Email message to sample group 
Message included in email sent to people in the DBCA’s database of past visitors to CRNP inviting them to 
participate in the study.  
 
We need your help to inform management at Ningaloo Marine Park. 
 
The WA Department of Biodiversity, Conservation and Attractions is working with Murdoch University 
(Perth) to better understand snorkelling at Ningaloo Reef, WA. We are surveying people who have visited 
Ningaloo Reef and have been snorkelling at either Turquoise Bay or Oyster Stacks to find out what they 
think, know and do.  
 
This information is being collected as part of a student research project and will be used for planning and 
management of these sites.  
 
The online survey will take about 10-12 minutes. You can choose not to answer a question if you don’t want 
to and your responses will be anonymous and cannot be linked to you.  
 
To participate in the survey, click on the link below or paste the web address into your preferred internet 










This study has been approved by the Murdoch University Human Research Ethics Committee 
(Approval 2020/027).  If you have any reservation or complaint about the ethical conduct of 
this research, and wish to talk with an independent person, you may contact Murdoch 
University’s Research Ethics Office (Tel. (+61 8) 9360 6677) or e-mail 
ethics@murdoch.edu.au). Any issues you raise will be treated in confidence and investigated 
fully, and you will be informed of the outcome.  
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Appendix C: Variables internal consistency (Chi-square) 
Chi-square testing of variables for internal consistency and response proportions for each question. 
C1. Ability 




16 17 18 19 29 






16                     
17 239.8 0.000                 
18 31.7 0.007 25.2 0.047             
19 149.2 0.000 94.8 0.000 88.3 0.000         
29 120.3 0.000 73.2 0.000 58.8 0.001 63.5 0.003     
 
Table 2. Chi-square comparisons of the 5 questions for the Ability variables with the demographic variables. Significant (p < 0.05) 
associations in green. 
 
 
Figure 1. Question 16: Roughly how many lengths of a standard 25m pool can you swim without stopping or touching the bottom. 
 
Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr Chi-sqr p  value Chi-sqr
16 12.530 0.051 9.914 0.042 22.451 0.001 11.285 0.505 25.055 0.000 33.263 0.001
17 13.201 0.040 11.356 0.078 23.03 0.006 12.043 0.845 5.099 0.826 29.139 0.047
18 16.078 0.097 23.999 0.008 64.039 0.000 29.174 0.508 10.993 0.753 32.883 0.328
19 17.804 0.122 37.438 0.000 13.449 0.764 51.821 0.043 17.766 0.471 45.786 0.127












































Ability - swim lengths of 25m pool (n=472)
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Figure 2. Question 17: Treading water is a swimming technique where you move your arms and legs to keep your body afloat in 












For less than 1
min
More than 1




Ability - tread water in calm conditions (n=)
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Figure 3. Question 18: In an ordinary calendar year, how often do you usually go snorkelling? 
 
Figure 4. Question 19: Using the scale provided, please respond to this statement: I have complete confidence in my swimming abilities when I snorkel. 
 



























Ability - snorkelling frequency per year (n=









Strongly disagree Disagree Somewhat disagree neither agree no
disagree



























 Extremely difficult Very difficult Somewhat difficult Neither difficult nor
easy
















Ability - avoiding contact with the corals (n = )
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C2. Values 
 








Items N of Items 
.773 .809 9 
 
 








Items N of Items 
.627 .633 11 
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Table 5. Chi-square comparisons of the values questions used in comparative analyses (Q26 – Q35). Significant (p < 0.05) associations in green. 
 
 
Table 6. Chi-square analysis for internal association between the Values questions excluding Q20 and Q37. Significant (p < 0.05) associations in green. 
 
Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value
26
30 75.887 0.000
31 36.804 0.431 68.423 0.001
32 50.12 0.059 31.698 0.673 386.386 0.000
34 31.648 0.384 40.754 0.091 307.94 0.000 271.516 0.000







Values x Values 26 30 31 32 34




30 120.79 0.000 75.887 0.000
31 28.514 0.808 36.804 0.431 68.423 0.001
32 25.762 0.897 50.12 0.059 31.698 0.673 386.39 0.000
34 23.786 0.782 31.648 0.384 40.754 0.091 307.94 0.000 271.52 0.000
35 28.835 0.796 57.648 0.012 23.896 0.939 162.25 0.000 330.22 0.000 399.13 0.000
37 (11)
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Table 7. Chi-squared analysis comparing each set of questions for Q20 and Q37 against the other Values questions. Significant (p < 0.05) associations in green. 
 
Table 8. Chi-squared analysis comparing Q20 and Q37 - each were matrix questions involving multiple parts. Significant (p < 0.05) associations in green. 
 
Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value
20.1 81.877 0.000 48.935 0.215 45.545 0.327 39.475 0.582 47.965 0.244 27.353 0.605 38.094 0.374 60.823 0.030
20.2 64.729 0.014 31.372 0.885 39.237 0.593 33.088 0.836 32.717 0.847 35.62 0.439 50.741 0.167 45.572 0.326
20.3 48.389 0.231 41.667 0.485 79.372 0.000 49.708 0.193 46.332 0.298 29.285 0.503 25.206 0.911 49.33 0.203
20.4 60.936 0.006 26.934 0.863 98.378 0.000 23.731 0.942 55.574 0.020 30.216 0.066 15.97 0.889 33.183 0.603
20.5 69.451 0.005 46.926 0.278 37.494 0.669 25.978 0.975 37.753 0.658 20.691 0.974 60.132 0.034 30.731 0.901
20.6 76.991 0.001 39.466 0.583 87.565 0.000 46.787 0.282 26.628 0.969 47.212 0.024 32.88 0.618 110.26 0.000
20.7 54.714 0.090 41.997 0.471 78.863 0.000 87.256 0.000 40.915 0.519 48.994 0.016 30.49 0.728 116.2 0.000
20.8 62.833 0.004 36.009 0.468 40.046 0.295 29.63 0.764 27.017 0.860 56.765 0.002 36.43 0.449 37.494 0.401
20.9 59.772 0.037 44.256 0.377 29.636 0.924 50.455 0.174 46.031 0.309 34.887 0.474 27.538 0.958 42.126 0.466
37.1 35.941 0.733 52.86 0.122 24.417 0.910 42.454 0.451 67.413 0.008 38.944 0.297 34.988 0.77 44.291 0.375
37.2 39.192 0.595 29.013 0.936 43.054 0.165 61.413 0.027 75.941 0.001 48.883 0.016 36.472 0.447 67.027 0.008
37.3 180.26 0.000 33.604 0.819 69.027 0.001 46.164 0.304 50.146 0.182 44.99 0.12 30.397 0.908 82.689 0.000
37.4 19.272 0.999 45.051 0.345 47.107 0.083 50.947 0.162 45.285 0.337 33.91 0.521 45.274 0.337 35.388 0.755
37.5 182.4 0.000 48.765 0.220 63.057 0.003 30.895 0.897 35.861 0.736 32.113 0.362 42.279 0.218 28.209 0.949
37.6 60.141 0.034 56.752 0.064 38.075 0.331 31.957 0.869 31.411 0.884 38.943 0.297 44.041 0.385 54.942 0.087
37.7 50.767 0.166 61.578 0.026 28.936 0.755 44.957 0.349 50.64 0.169 39.366 0.281 51.328 0.153 59.801 0.037
37.8 39.129 0.598 55.57 0.078 29.415 0.734 45.746 0.319 43.038 0.427 42.119 0.19 35.999 0.731 56.951 0.062
37.9 157.6 0.000 27.904 0.576 45.399 0.008 28.034 0.569 32.786 0.332 42.25 0.003 33.594 0.092 50.701 0.010
37.1 28.7 0.801 34.911 0.520 33.494 0.301 58.5 0.01 92.822 0.000 56.203 0.003 58.633 0.010 66.63 0.001
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See next table
See next table
31 32 34 35 3730
Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value
20.1 66.918 0.045 45.696 0.608 90.096 0.000 39.662 0.827 74.549 0.011 45.541 0.614 29.899 0.986 51.888 0.362 72.928 0.000 38.9 0.608 56.976 0.203
20.2 58.922 0.157 56.934 0.204 73.647 0.013 30.907 0.980 49.565 0.447 35.378 0.928 61.804 0.104 53.546 0.304 57.092 0.011 43.869 0.392 44.901 0.640
20.3 53.445 0.307 61.27 0.112 140.911 0.000 53.749 0.297 73.249 0.014 38.346 0.632 30.937 0.896 37.855 0.876 85.695 0.000 34.456 0.789 38.217 0.638
20.4 31.95 0.870 48.64 0.223 103.52 0.000 31.601 0.879 42.914 0.432 33.005 0.236 39.367 0.281 27.194 0.963 138.44 0.000 35.357 0.499 35.823 0.430
20.5 66.905 0.045 28.683 0.991 96.946 0.000 56.036 0.228 84.47 0.001 73.71 0.013 45.627 0.611 56.787 0.208 56.636 0.012 76.75 0.001 136.835 0.000
20.6 45.7 0.608 77.918 0.005 83.748 0.001 52.367 0.345 78.673 0.005 72.777 0.015 41.32 0.774 64.367 0.069 65949 0.001 33.911 0.809 37.808 0.877
20.7 27.871 0.993 52.51 0.340 71.075 0.021 55.93 0.231 58.483 0.166 58.61 0.164 26.348 0.997 51.254 0.385 40.225 0.250 33.625 0.818 42.044 0.749
20.8 44.831 0.354 29.867 0.920 58.517 0.047 36.256 0.720 63.08 0.019 52.355 0.131 39.712 0.572 66.989 0.008 37.05 0.176 29.008 0.789 28.994 0.936
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Table 9. Chi-squared analysis comparing the values questions with demographic variables. Significant (p < 0.05) associations in green. 
Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr Chi-sqr
20.1 31.670 0.002 11.505 0.486 24.280 0.146 32.063 0.656 22.263 0.221
20.2 26.047 0.026 9.710 0.783 26.403 0.191 41.373 0.498 12.295 0.931
20.3 17.681 0.222 7.711 0.904 28.173 0.135 43.805 0.395 32.826 0.048
20.4 24.484 0.017 7.220 0.843 36.119 0.007 50.961 0.050 25.868 0.103
20.5 19.334 0.153 8.835 0.841 27.526 0.154 43.893 0.391 17.527 0.679
20.6 12.487 0.567 9.111 0.824 67.085 0.000 38.139 0.641 37.450 0.015
20.7 12.458 0.570 16.086 0.308 56.396 0.000 38.957 0.605 19.002 0.585
20.8 6.470 0.891 10.651 0.559 43.957 0.001 42.002 0.227 9.839 0.937
20.9 22.023 0.078 12.302 0.582 30.161 0.089 57.136 0.060 19.958 0.524
21 34.302 0.001 3.358 0.992 10.982 0.895 133.261 0.000 18.762 0.407
26 9.077 0.696 29.021 0.004 33.912 0.013 48.399 0.081 28.473 0.055
30 9.341 0.674 18.694 0.044 18.627 0.231 29.635 0.484 16.037 0.380
31 4.463 0.614 16.055 0.189 15.459 0.630 46.844 0.026 17.896 0.463
32 4.052 0.670 11.002 0.529 22.211 0.223 38.565 0.136 18.356 0.432
34 7.357 0.195 9.240 0.509 14.407 0.495 25.063 0.722 11.140 0.743
35 3.729 0.713 8.776 0.722 23.712 0.165 24.668 0.923 15.345 0.638
37.1 29.142 0.010 16.335 0.293 49.047 0.000 44.855 0.353 27.670 0.150
37.2 25.328 0.031 12.763 0.545 32.038 0.058 58.827 0.044 64.050 0.000
37.3 21.047 0.100 9.539 0.795 22.865 0.351 39.712 0.702 17.081 0.706
37.4 14.443 0.417 14.323 0.426 43.667 0.003 42.226 0.461 23.815 0.302
37.5 22.778 0.064 4.613 0.991 28.639 0.123 47.939 0.245 26.680 0.182
37.6 20.680 0.110 54.460 0.000 19.942 0.525 46.432 0.295 28.683 0.122
37.7 14.346 0.424 24.723 0.037 17.635 0.672 41.229 0.505 33.481 0.041
37.8 18.822 0.172 10.737 0.707 35.626 0.024 40.074 0.556 22.776 0.356
37.9 25.556 0.004 11.578 0.314 13.834 0.538 45.616 0.034 31.322 0.008
37.1 28.053 0.005 19.237 0.083 25.511 0.111 51.827 0.043 20.557 0.302
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Figure 6. Question 20: Using the scale provided, tell us how important the following reasons for snorkelling were for you on your 
most recent trip? [Not at all = 1, Extremely important = 7] 
 
Figure 7. Question 21: Using the scale provided, for your most recent trip indicate how satisfied you were with your snorkelling 
experience at the sites overall. [Extremely dissatisfied = 1, Extremely satisfied = 7] 
 





















Values: Importance of reasons for snorkelling (n=~459)
Not at all important Not very important Somewhat important Moderately important
Important Very important Extremely important Don't know










































































Values - likelihood of contact with corals (n = 456)
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Figure 9. Question 30: For me, avoiding contact with the coral reef while snorkelling was:[Extremely unimportant = 1, Extremely 
important = 7] 
 
Figure 10. Questions 31 & 34: Long-term negative impacts of snorkelling on coral reefs at [TB, OS] are: [Not a concern = 1, 
Extremely concerning = 7] 
 
Figure 11. Questions 32 & 35: Long-term negative impacts of snorkelling on the coral reefs at [TB, OS] are: [Extremely unlikely 
= 1, Extremely likely = 7] 

































































Values - long-term negative impacts are (n = )






























Values - long-term negative impact are (n = )
TB (n=424) OS (n=298)
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Figure 12. Question 37: Thinking about your most recent visit and using the scale provided, please rate how the following 





















Values - influence on experience (n = ~436)
Very negatively Negatively Somewhat negatively Neither
Somewhat positively Positively Very positively N/A
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C3. Knowledge  




10 11 12 14.1 14.2 38 









10                         
11 1259.893 0.000                     
12 8.498 0.745 8.057 0.708                 
14.1 14.874 0.248 19.88 0.591 16.762 0.000             
14.2 24.532 0.432 12.972 0.934 14.963 0.001 165.849 0.000         
38 65.115 0.303 90.406 0.002 0.766 0.979 16.202 0.094 13.823 0.181     
 




2 40 41 42 43 44 









10 9.711 0.641 22.013 0.578 111.646 0.000 74.114 0.104 19.510 0.989 63.803 0.744 
11 10.009 0.530 20.085 0.578 70.616 0.000 64.496 0.529 24.848 0.845 49.754 0.675 
12 7.428 0.006 0.167 0.920 8.701 0.034 2.965 0.705 3.906 0.272 7.499 0.277 
14.1 130.633 0.000 34.753 0.000 9.356 0.155 17.972 0.055 1.251 0.974 8.385 0.754 
14.2 188.520 0.000 1.630 0.803 7.088 0.313 15.329 0.224 5.134 0.527 18.301 0.107 
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Figure 14. Question 10 & 11: How did you first find out about [TB, OS] 
 
Figure 15. Question 12: Are you aware of the 'drift loop' at Turquoise Bay? 







Parks and Wildlife website
Parks and Wildlife brochure
previous knowledge/family tradition
Parks and Wildlife office/staff member
Other brochure
Travel televsion show





































Knowledge - Aware of drift loop at TB (n=452)
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Figure 16. Question 14: On your most recent visit, were you aware of the tide height before you arrived at the following locations? 
 























Knowledge - aware of the tide height 
Yes No Never visited
0 5 10 15 20 25 30 35
No previous knowledge
University
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C4. Perceptions of damaging behaviours 
 






Items N of Items 
.727 .775 5 
 
Table 13. Chi-square test for internal association between Perceptions questions. Significant (p < 0.05) associations in green. 
 
Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value
27
33 38.209 0.033
36 102.974 0.000 147.005 0.000
39.1 150.513 0.000 32.214 0.122 32.629 0.112
39.2 140.967 0.000 75.682 0.001 82.977 0.000 355.458 0.000
39.3 164.375 0.000 53.155 0.033 71.722 0.000 270.513 0.000 754.445 0.000
39.4 127.82 0.000 26.259 0.662 27.725 0.272 216.627 0.000 148.4 0.000 156.668 0.000












39.3 39.4 39.539.127 33 36 39.2
148 
Godwin, D. (32113382) 
Table 14. Chi-squared analysis between each of the perceptions questions and the demographic variables. Significant (p < 0.05) associations in green. (site visited data Q2 not included).   
 
 
Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr Chi-sqr p  value Chi-sqr
27 49.140 0.000 29.051 0.004 18.117 0.797 6.040 0.914 40.888 0.017
33 22.476 0.033 17.743 0.473 21.752 0.863 18.895 0.398 40.496 0.279
36 8.254 0.765 13.061 0.788 17.972 0.995 21.536 0.253 29.437 0.495
39.1 3.760 0.878 17.811 0.122 16.394 0.873 41.208 0.000 103.616 0.000
39.2 26.308 0.024 35.583 0.024 48.366 0.231 119.470 0.000 109.319 0.000
39.3 29.830 0.003 13.758 0.745 32.123 0.654 39.757 0.002 76.421 0.000
39.4 4.296 0.933 10.796 0.767 23.565 0.791 22.227 0.102 151.939 0.000
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Figure 18. Question 27: Making physical contact with the coral reef is _____ for the coral reef [Extremely bad = 1, Extremely 
good = 7]. 
 
 
Figure 19. Question 33 & 36: Snorkelling at [TB, OS] at low tide means the likelihood of making contact with corals is: 




















































Perceptions - likelihood of contact with corals at low tide
Significantly increased Moderately increased Somewhat increased Neither
Somewhat decreased Moderately decreased Significantly decreased
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Figure 20. Question 39: Using the scale provided, indicate the level of negative impact you think the following actions have on 
































Perceptions - Impact of damaging behaviours (n=~433)
No impact Very low impact Low impact Mild impact
Moderate impact High impact Very high impact
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C5. Self-reported in-water behaviours 
 
Table 15. Chi-square test for internal association between Behaviours questions. Significant (p < 0.05) associations in green. 
 
 
Table 16. Chi-squared analysis comparing behaviours questions with  demographic variables. Significant (p < 0.05) associations in green. 
 
Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value
22
23 594.75 0.000
24 58.228 0.011 37.849 0.385
25 43.103 0.193 68.296 0.001 568.656 0.000










2822 23 24 25
Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr Chi-sqr p  value Chi-sqr
22 5.271 0.948 28.192 0.059 37.123 0.174 44.837 0.000 77.872 0.000
23 14.025 0.299 13.728 0.747 26.086 0.888 11.811 0.857 120.005 0.000
24 4.256 0.978 32.348 0.020 22.232 0.845 14.727 0.681 37.407 0.404
25 5.325 0.946 13.692 0.749 31.628 0.677 17.506 0.489 33.905 0.285
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Figure 21. Question 22 & 23: During your most recent visit, how often did you find yourself making contact with the corals while 
snorkelling at [TB, OS]? [Never = 1, Continuously = 7] 
 
Figure 22. Question 24 & 25: During your most recent visit, how often did you see other snorkellers physically contacting corals 
while snorkelling at [TB, OS]? [Never = 1, Continuously = 7] 
 
Figure 23. Question 28: I tried to avoid making contact with the coral reef while snorkelling [Strongly disagree = 1, Strongly 



















Behaviours - Self-reported contacts





















Behaviours - other snorkellers contacts
TB (n=436) OS (n=310)
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Appendix D: Variable associations 
The associations between the independent and dependent variables 
D1. Ability x Perceptions 
Table 17. Chi-squared analysis comparing ability with perceptions. Significant (p < 0.05) associations in green. 
 
D2. Ability x Behaviours 
Table 18. Chi-squared analysis comparing ability with behaviours. Significant (p < 0.05) associations in green. 
 
  
Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value
16 3.829 0.986 24.391 0.143 23.721 0.164 16.706 0.033 64.126 0.000 17.504 0.132 9.919 0.448 17.333 0.239 2
17 15.435 0.218 62.045 0.000 14.621 0.688 11.785 0.463 89.445 0.000 36.491 0.006 20.34 0.159 13.059 0.907 3
18 29.197 0.084 14.69 0.991 19.407 0.931 31.203 0.053 40.799 0.231 26.56 0.646 17.771 0.852 39.516 0.275 0
19 26.377 0.334 28.693 0.802 48.7 0.077 32.505 0.115 66.762 0.009 40.915 0.263 39.106 0.123 32.193 0.863 1









39.3 39.4 39.5 Total 
significant
0 2 0 1 3 1
27 33 36 39.1 39.2
Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value
16 14.673 0.684 13.234 0.778 16.958 0.524 22.597 0.207 11.743 0.467 0
17 16.158 0.582 32.588 0.017 17.771 0.471 17.518 0.488 9.875 0.627 1
18 21.056 0.886 34.755 0.252 68.639 0.000 32.058 0.365 14.201 0.820 1
19 41.951 0.229 31.272 0.693 41.319 0.249 45.717 0.129 38.901 0.028 1











1 2 1 0 1
22 23 24 25 28
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D3. Values x Perceptions 
Table 19. Chi-squared analysis comparing values with perceptions. Significant (p < 0.05) associations in green. 
 
  
Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value
20.1 26.213 0.342 28.448 0.811 29.771 0.759 47.818 0.003 71.656 0.003 37.415 0.404 39.579 0.113 44.164 0.380 2
20.2 34.359 0.189 34.198 0.799 47.463 0.260 29.928 0.367 43.964 0.677 31.256 0.888 25.389 0.884 35.866 0.919 0
20.3 31.029 0.316 21.393 0.997 170.837 0.000 67.218 0.000 73.008 0.015 54.054 0.027 38.564 0.136 64.677 0.014 5
20.4 13.342 0.960 28.157 0.822 34.675 0.073 61.288 0.000 57.520 0.056 46.302 0.029 106.019 0.000 29.693 0.722 3
20.5 16.143 0.964 26.237 0.973 24.604 0.985 26.796 0.529 40.758 0.793 32.395 0.857 31.553 0.635 77.514 0.006 1
20.6 139.165 0.000 37.276 0.678 56.045 0.018 149.054 0.000 326.830 0.000 56.188 0.070 25.046 0.893 149.722 0.000 5
20.7 132.905 0.000 33.003 0.838 36.011 0.468 128.519 0.000 284.928 0.000 50.763 0.166 52.035 0.032 154.064 0.000 5
20.8 37.016 0.044 35.695 0.483 27.939 0.829 41.922 0.013 72.298 0.003 33.880 0.570 30.325 0.449 61.736 0.025 4
20.9 31.195 0.195 40.690 0.528 26.867 0.966 29.829 0.371 50.701 0.406 26.432 0.851 40.571 0.238 52.303 0.347 0
21 22.560 0.546 28.028 0.826 19.193 0.990 44.722 0.006 76.911 0.001 52.139 0.040 29.406 0.496 47.362 0.263 3
26 50.465 0.001 50.404 0.056 41.526 0.242 36.200 0.052 125.526 0.000 114.186 0.000 29.493 0.492 30.297 0.911 3
30 103.678 0.000 52.932 0.034 35.531 0.491 93.664 0.000 82.978 0.000 48.708 0.017 55.621 0.000 46.875 0.087 6
31 103.772 0.000 75.454 0.000 85.056 0.000 89.408 0.000 144.790 0.000 151.336 0.000 40.854 0.089 57.064 0.060 6
32 46.709 0.004 63.314 0.003 38.302 0.365 27.150 0.297 81.818 0.000 72.564 0.000 27.494 0.597 60.548 0.032 5
34 30.761 0.058 36.145 0.069 77.927 0.000 74.767 0.000 54.497 0.001 27.466 0.123 19.807 0.470 46.235 0.097 3
35 35.778 0.058 48.809 0.016 78.020 0.000 21.686 0.598 76.716 0.000 72.347 0.000 25.688 0.369 36.573 0.708 4
37.1 19.893 0.868 81.019 0.000 51.923 0.140 19.745 0.874 43.471 0.696 23.245 0.992 19.253 0.986 42.576 0.730 1
37.2 128.871 0.000 65.005 0.013 106.057 0.000 104.735 0.000 274.587 0.000 53.602 0.108 40.204 0.251 58.479 0.166 5
37.3 36.954 0.120 32.596 0.851 58.913 0.043 54.725 0.002 45.792 0.604 82.813 0.000 110.864 0.000 48.669 0.486 4
37.4 60.186 0.000 49.286 0.205 26.101 0.974 42.766 0.037 32.293 0.969 16.769 1.000 33.972 0.518 54.839 0.263 2
37.5 14.802 0.980 35.876 0.736 31.162 0.698 51.527 0.004 39.045 0.845 46.622 0.324 90.692 0.000 73.675 0.013 3
37.6 55.798 0.001 28.800 0.940 28.500 0.945 45.077 0.022 72.619 0.016 65.126 0.013 39.937 0.260 32.969 0.962 4
37.7 43.827 0.029 65.945 0.011 58.779 0.044 21.525 0.803 45.828 0.602 32.029 0.867 36.040 0.420 43.949 0.678 2
37.8 54.060 0.002 65.034 0.013 57.708 0.054 32.860 0.241 105.146 0.000 62.753 0.021 61.231 0.004 57.677 0.185 5
37.9 32.761 0.036 16.860 0.974 26.879 0.310 55.287 0.000 111.789 0.000 66.682 0.000 64.144 0.000 60.087 0.005 6
37.10 28.033 0.259 52.565 0.037 56.330 0.017 30.923 0.156 68.508 0.006 44.286 0.162 28.805 0.528 45.817 0.317 3
37.11 22.505 0.757 92.923 0.000 46.677 0.286 16.597 0.956 35.110 0.932 39.359 0.588 20.156 0.979 65.689 0.056 1
44 40.888 0.017 40.496 0.279 29.437 0.495 103.616 0.000 109.319 0.000 76.421 0.000 151.939 0.000 62.760 0.021 6
97
Chi-sqr 39.5 Total 
significant
13 10 9 17 18 13 8 9
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D4. Values x Behaviours 
Table 20. Chi-squared analysis comparing values with behaviours. Significant (p < 0.05) associations in green. 
 
  
Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value
20.1 34.88 0.522 22.855 0.956 33.774 0.575 25.352 0.881 43.094 0.010 0
20.2 41.28 0.502 36.885 0.695 41.712 0.483 29.471 0.928 22.647 0.750 0
20.3 43.817 0.394 29.993 0.749 30.091 0.915 45.133 0.141 69.761 0.000 1
20.4 20.953 0.979 14.07 0.945 18.879 0.992 26.904 0.309 52.093 0.001 1
20.5 26.21 0.973 27.723 0.956 44.645 0.361 42.43 0.452 26.462 0.548 0
20.6 46.529 0.291 26.521 0.876 47.333 0.264 46.881 0.106 144.237 0.000 1
20.7 31.828 0.873 27.598 0.841 35.659 0.744 36.112 0.463 146.727 0.000 1
20.8 26.63 0.872 21.665 0.972 27.853 0.832 35.788 0.479 34.998 0.068 0
20.9 46.237 0.302 47.237 0.267 69.6 0.005 51.334 0.153 23.77 0.694 1
21 29.559 0.767 15.951 0.998 31.67 0.675 38.983 0.337 46.965 0.003 1
26 108.916 0.000 134.725 0.000 47.241 0.099 59.489 0.008 30.991 0.154 3
30 115.647 0.000 73.712 0.000 54.338 0.026 40.037 0.296 189.237 0.000 4
31 85.396 0.000 89.147 0.000 62.94 0.004 40.017 0.296 160.265 0.000 4
32 104.588 0.000 88.782 0.000 60.84 0.006 42.58 0.209 33.511 0.094 3
34 24.58 0.486 30.344 0.448 36.867 0.181 53.92 0.005 36.436 0.014 2
35 104.76 0.000 104.477 0.000 42.561 0.209 70.244 0.001 23.333 0.500 3
37.1 52.95 0.120 34 0.805 46.774 0.283 33.438 0.824 37.616 0.106 0
37.2 63.57 0.017 41.374 0.248 55.481 0.079 47.242 0.099 50.004 0.006 2
37.3 28.423 0.946 30.421 0.908 46.462 0.294 45.216 0.339 55.89 0.001 1
37.4 61.167 0.028 49.221 0.207 46.125 0.306 49.034 0.212 27.055 0.515 1
37.5 22.942 0.993 21.589 0.972 37.303 0.677 49.98 0.061 125.047 0.000 1
37.6 31.919 0.870 34.892 0.773 64.232 0.015 61.841 0.025 40.317 0.062 2
37.7 50.965 0.162 46.795 0.282 41.494 0.493 42.795 0.437 22.419 0.762 0
37.8 68.783 0.006 39.813 0.567 36.767 0.700 54.766 0.090 43.511 0.031 2
37.9 43.967 0.048 38.614 0.030 26.435 0.653 23.275 0.504 42.051 0.003 3
37.10 43.287 0.188 29.304 0.778 104.928 0.000 112.565 0.000 16.396 0.873 2
37.11 86.367 0.000 65.187 0.012 68.242 0.006 52.594 0.127 17.634 0.935 3
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D5. Knowledge x Perceptions 
Table 21. Chi-squared analysis comparing knowledge with perceptions. Significant (p < 0.05) associations in green. 
 
D6. Knowledge x Behaviours 
Table 22. Chi-squared analysis comparing knowledge with behaviours. Significant (p < 0.05) associations in green. 
 
  
Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value
10 50.848 0.362 53.093 0.954 75.644 0.362 27.525 0.992 61.212 0.971 76.851 0.326 167.948 0.000 90.065 0.306 1
11 33.788 0.867 51.704 0.601 45.427 0.975 89.808 0.000 37.241 0.968 41.802 0.566 26.546 0.983 80.386 0.374 1
12 1.879 0.758 18.926 0.004 6.791 0.341 1.627 0.804 0.672 0.999 2.662 0.850 1.479 0.915 3.969 0.783 1
14.1 44.811 0.000 16.112 0.013 11.582 0.480 16.420 0.037 18.979 0.166 27.762 0.006 8.099 0.619 17.563 0.227 4
14.2 35.957 0.000 12.962 0.372 33.692 0.001 34.453 0.000 34.131 0.002 30.602 0.002 21.646 0.017 10.637 0.714 6













2 2 1 4 1 2 2 0
27 33 36 39.1
Perceptions
39.2 39.3 39.4 39.5
Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value
10 53.222 0.952 52.102 0.963 84.126 0.155 75.423 0.368 91.775 0.000 1
11 79.772 0.119 53.409 0.536 69.020 0.376 69.397 0.364 26.842 0.981 0
12 5.067 0.535 3.523 0.741 7.908 0.245 9.063 0.170 4.116 0.390 0
14.1 18.414 0.005 19.925 0.069 11.325 0.079 10.114 0.606 13.421 0.098 1
14.2 19.327 0.081 41.565 0.000 8.408 0.753 5.524 0.938 16.236 0.039 2
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D7. Perceptions x Behaviours 




Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value
27 131.781 0.000 144.373 0.000 34.990 0.069 34.772 0.072 189.726 0.000 3
33 64.682 0.002 94.076 0.000 34.734 0.529 43.175 0.057 40.898 0.017 3
36 40.613 0.094 39.553 0.314 29.663 0.763 38.406 0.361 68.645 0.000 1
39.1 62.200 0.000 53.781 0.000 25.768 0.365 25.608 0.373 118.021 0.000 3
39.2 162.129 0.000 75.743 0.000 63.480 0.018 32.559 0.342 96.563 0.000 4
39.3 71.416 0.000 75.740 0.000 33.919 0.568 31.810 0.132 81.129 0.000 3
39.4 65.728 0.000 98.989 0.000 27.025 0.622 26.199 0.343 90.743 0.000 3












Total significant 6 6 1 0 8
Chi-sqr
Behaviours
22 23 24 25 28
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Appendix E: Variable associations controlling for demographics 
The associations between the dependent and independent variables when controlling for demographic variables.  
 
E1. Ability x Perceptions x Demographics 
Table 24. Chi-square analysis for ability with perceptions when controlling for gender. Significant (p < 0.05) associations in green. 
 
Table 25. Chi-square analysis for ability with perceptions when controlling for place of residence. Significant (p < 0.05) associations in green. 
 
Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value
Q39.1 8.596 0.378 24.000 0.002 . .
Q39.2 22.423 0.013 77.842 0.000 . .
Q33 241.959 0.000 13.440 0.098 . .
Q39.2 31.562 0.007 99.268 0.000 . .
Q39.3 21.328 0.011 36.850 0.000 . .
Q39.2 37.296 0.169 66.495 0.009 0.750 0.386
Q33 80.958 0.000 20.218 0.211 . .






Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value
Q39.1 2.857 0.240 4.618 0.594 14.966 0.060 1.309 0.971
Q39.2 3.016 0.389 5.592 0.693 66.788 0.000 11.480 0.075
Q33 0.735 0.391 4.455 0.486 10.071 0.260 84.631 0.000
Q39.2 0.833 0.841 9.279 0.055 87.212 0.000 21.024 0.013
Q39.3 1.667 0.435 7.190 0.207 46.088 0.000 19.817 0.019
Q19 Q39.2 2.000 0.920 12.281 0.977 61.163 0.028 28.390 0.560
Q29 Q33 3.938 0.047 14.839 0.945 24.533 0.220 97.176 0.000
Q17
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Table 26. Chi-square analysis for ability with perceptions when controlling for age. Significant (p < 0.05) associations in green. 
 
Table 27. Chi-square analysis for ability with perceptions when controlling for education level. Significant (p < 0.05) associations in green. 
 
Table 28. Chi-square analysis for ability with perceptions when controlling for place of residence. Significant (p < 0.05) associations in green. 
  
Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value
Q39.1 2.453 0.484 1.752 0.781 9.613 0.293 5.271 0.728 3.925 0.416 17.398 0.008 . .
Q39.2 3.558 0.469 4.478 0.612 28.474 0.000 5.483 0.705 23.820 0.002 24.606 0.007 . .
Q33 2.413 0.660 62.658 0.000 8.207 0.414 12.915 0.024 9.274 0.159 3.328 0.504 . .
Q39.2 2.549 0.636 13.134 0.157 51.723 0.000 3.614 0.461 27.057 0.001 0.533 0.991 . .
Q39.3 1.143 0.767 14.164 0.117 29.640 0.000 4.196 0.380 14.070 0.090 1.166 0.884 . .
Q19 Q39.2 7.669 0.958 16.404 0.356 63.264 0.000 52.223 0.001 37.101 0.043 38.363 0.008 . .
Q29 Q33 14.657 0.550 128.751 0.000 16.338 0.430 42.433 0.016 6.575 0.884 17.691 0.125 . .
55-64 65-74 75+
Q17
Control for Age group 
(Q42)
18-24 25-34 35-44 45-54
Q16
Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value
Q39.1 4.000 0.135 5.810 0.214 5.849 0.440 6.483 0.593
Q39.2 5.000 0.287 30.324 0.000 28.392 0.005 8.313 0.598
Q33 . . 11.525 0.174 9.546 0.481 79.384 0.000
Q39.2 . . 3.972 0.860 50.857 0.000 12.839 0.615
Q39.3 . . 2.213 0.697 29.200 0.001 23.894 0.067
Q19 Q39.2 8.000 0.238 17.782 0.813 52.800 0.035 22.289 0.843
Q29 Q33 1.333 0.513 15.000 0.525 27.479 0.122 170.306 0.000




Primary/some secondary Secondary Vocational/Technical Tertiary/University
Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value
Q39.1 17.205 0.028 6.857 0.032 7.976 0.436
Q39.2 29.774 0.003 12.110 0.060 42.365 0.000
Q33 10.792 0.547 73.623 0.000 62.045 0.000
Q39.2 21.716 0.041 1.974 0.578 99.807 0.000
Q39.3 9.915 0.623 2.819 0.244 98.650 0.000
Q19 Q39.2 38.900 0.340 13.724 0.547 45.400 0.035
Q29 Q33 22.403 0.839 101.883 0.000 121.004 0.000




TB only OS only Both sites
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E2. Ability x Behaviours x Demographics 
Table 29. Chi-square analysis for ability with behaviours when controlling for gender. Significant (p < 0.05) associations in green. 
 
Table 30. Chi-square analysis for ability with behaviours when controlling for place of residence. Significant (p < 0.05) associations in green. 
 
Table 31. Chi-square analysis for ability with behaviours when controlling for age. Significant (p < 0.05) associations in green. 
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Table 32. Chi-square analysis for ability with behaviours when controlling for education. Significant (p < 0.05) associations in green. 
 
Table 33. Chi-square analysis for ability with behaviours when controlling for site visited. Significant (p < 0.05) associations in green. 
 
Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value
Q17 Q23 4.800 0.187 30.004 0.037 32.855 0.017
Q18 Q24 51.795 0.008 51.231 0.009 68.639 0.000
Q19 Q28 29.720 0.194 12.156 0.275 25.092 0.401
Q22 97.357 0.000 208.873 0.000 271.878 0.000
Q23 30.639 0.000 366.583 0.000 399.962 0.000
Control for site 
visited (Q2)
TB only OS only Both sites
Q29
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E3. Values x Perceptions x Demographics 
Table 34. Chi-square analysis for values with perceptions when controlling for gender. Significant (p < 0.05) associations in 
green. 
Variables Female Male Other 
Values Perceptions Chi-sqr p value Chi-sqr p value Chi-sqr p value 
26 
27 23.726 0.477 31.702 0.002 6.000 0.199 
39.2 29.973 0.467 244.649 0.000 3.000 0.223 
39.3 14.105 0.722 131.803 0.000 3.000 0.223 
30 
27 68.090 0.000 36.465 0.000 3.000 0.223 
33 59.035 0.001 19.423 0.494 . . 
39.1 74.125 0.000 60.579 0.000 . . 
39.2 74.351 0.000 42.262 0.186 0.750 0.386 
39.3 17.829 0.272 40.815 0.090 0.750 0.386 
39.4 46.156 0.006 67.578 0.000 . . 
31 
27 73.888 0.000 44.342 0.000 2.000 0.157 
33 59.556 0.001 34.690 0.073 . . 
36 68.416 0.000 54.479 0.025 2.000 0.157 
39.1 14.902 0.782 85.885 0.000 . . 
39.2 41.893 0.018 73.356 0.002 . . 
39.3 22.749 0.090 86.738 0.000 2.000 0.157 
32 
27 17.846 0.810 46.791 . 2.000 0.157 
33 44.932 0.146 30.382 0.172 . . 
39.2 32.156 0.360 67.224 0.008 . . 
39.3 23.786 0.162 58.933 0.009 2.000 0.157 
39.5 51.845 0.142 53.021 0.119 2.000 0.157 
34 
36 40.945 0.088 62.803 0.000 3.000 0.223 
39.1 18.026 0.261 58.114 0.000 . . 
39.2 24.976 0.202 37.902 0.009 3.000 0.223 
35 
33 32.412 0.349 37.685 0.037 . . 
36 60.253 0.007 78.921 0.000 3.000 0.223 
39.2 32.287 0.120 74.264 0.000 3.000 0.223 
39.3 17.807 0.468 79.698 0.000 3.000 0.223 
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Table 35. Chi-square analysis for values with perceptions when controlling for place of residence. Significant (p < 0.05) 
associations in green. 
Variables Local WA AUS International 
Values Perceptions Chi-sqr p value Chi-sqr p value Chi-sqr p value Chi-sqr p value 
26 
27 0.476 0.788 75.113 0.000 25.547 0.111 38.166 0.033 
39.2 3.905 0.690 28.484 0.098 148.073 0.000 16.151 0.582 
39.3 3.690 0.450 37.052 0.057 106.585 0.000 17.709 0.475 
30 
27 10.000 0.002 40.967 0.000 20.729 0.146 63.018 0.000 
33 0.321 0.571 57.340 0.000 20.240 0.443 26.283 0.661 
39.1 10.000 0.007 46.690 0.000 41.442 0.003 40.004 0.000 
39.2 10.000 0.019 127.439 0.000 46.960 0.085 32.795 0.005 
39.3 10.000 0.007 31.477 0.049 31.967 0.159 43.912 0.000 
39.4 4.444 0.035 31.420 0.050 33.723 0.028 13.364 0.204 
31 
27 6.750 0.345 89.361 0.000 53.717 0.005 28.035 0.005 
33 6.107 0.107 37.630 0.159 29.364 0.207 37.028 0.043 
36 . . 45.412 0.035 47.434 0.003 54.013 0.000 
39.1 5.143 0.526 79.141 0.000 45.226 0.005 8.758 0.723 
39.2 8.325 0.502 41.700 0.014 90.845 0.000 10.816 0.545 
39.3 6.750 0.345 89.361 . 53.717 0.005 28.035 0.005 
32 
27 3.938 0.415 8.162 0.613 39.870 0.002 34.583 0.075 
33 6.107 0.191 19.925 0.751 34.511 0.076 56.966 0.014 
39.2 16.050 0.189 28.079 0.108 70.979 0.003 24.538 0.138 
39.3 8.750 0.364 63.659 0.000 63.387 0.000 16.339 0.569 
39.5 17.000 0.386 42.312 0.067 60.402 0.033 34.860 0.775 
34 
36 . . 30.654 0.433 44.758 0.001 51.303 0.009 
39.1 6.000 0.050 18.741 0.044 49.104 0.000 19.326 0.199 
39.2 2.625 0.269 23.926 0.066 44.140 0.010 21.604 0.119 
35 
33 2.917 0.233 13.554 0.852 41.300 0.015 29.121 0.511 
36 . . 25.017 0.405 54.734 0.000 34.068 0.561 
39.2 0.750 0.687 11.479 0.488 123.161 0.000 18.822 0.403 
39.3 0.750 0.687 17.357 0.137 121.046 0.000 30.818 0.030 
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Table 36. Chi-square analysis for values with perceptions when controlling for age. Significant (p < 0.05) associations in green. 
Variables 18-24 25-34 35-44 45-54 55-64 65-74 
Values Perceptions Chi-sqr p value Chi-sqr p value Chi-sqr p value Chi-sqr p value Chi-sqr p value Chi-sqr p value 
26 
27 2.971 0.704 21.255 0.382 18.487 0.047 13.211 0.779 114.409 0.000 16.744 0.010 
39.2 17.692 0.608 22.921 0.086 119.151 0.000 24.889 0.412 25.291 0.390 23.391 0.076 
39.3 13.457 0.567 23.724 0.070 66.156 0.000 29.588 0.199 22.736 0.535 25.960 0.011 
30 
27 0.782 0.676 52.478 0.000 20.119 0.028 64.051 0.000 21.693 0.041 4.403 0.622 
33 5.654 0.686 38.149 0.045 42.374 0.002 15.388 0.754 13.856 0.310 10.042 0.612 
39.1 11.179 0.083 36.639 . 53.993 0.000 67.880 0.000 29.476 0.000 9.615 0.383 
39.2 10.673 0.221 44.432 0.000 26.014 0.165 58.773 0.000 29.553 0.020 15.775 0.397 
39.3 10.534 0.104 20.964 0.138 29.438 0.079 21.819 0.149 32.701 0.008 20.443 0.059 
39.4 . . 29.068 0.001 64.820 0.000 25.986 0.054 5.364 0.252 4.403 0.221 
31 
27 13.029 0.005 32.121 0.010 28.430 0.002 21.380 0.125 7.317 0.695 6.655 0.574 
33 11.407 0.494 31.888 0.045 35.054 0.020 26.009 0.407 14.154 0.514 16.034 0.451 
36 2.692 0.442 30.257 0.176 27.664 0.324 24.922 0.204 42.992 0.000 18.746 0.016 
39.1 6.274 0.712 10.865 0.209 66.977 0.000 31.314 0.051 5.871 0.826 26.243 0.010 
39.2 18.652 0.097 17.323 0.138 45.504 0.001 36.505 0.013 11.320 0.730 33.413 0.030 
39.3 13.322 0.149 15.936 0.194 71.175 0.000 26.952 0.137 18.810 0.534 16.080 0.447 
32 
27 8.849 0.065 14.885 0.924 21.361 0.045 24.026 0.154 16.943 0.152 7.312 0.503 
33 12.408 0.715 79.428 0.000 20.950 0.642 22.940 0.818 15.684 0.615 10.773 0.823 
39.2 11.687 0.765 15.416 0.633 55.403 0.000 33.334 0.097 24.156 0.150 18.217 0.573 
39.3 20.829 0.053 14.598 0.689 61.491 0.000 23.582 0.486 23.657 0.481 16.535 0.416 
39.5 13.790 0.614 38.447 0.628 36.727 0.435 45.384 0.333 39.303 0.324 22.254 0.327 
34 
36 6.462 0.091 43.565 0.052 18.979 0.798 58.715 0.000 51.066 0.000 40.569 0.001 
39.1 3.111 0.795 8.956 0.536 12.144 0.668 49.262 0.000 1.831 0.872 6.206 0.184 
39.2 10.733 0.552 16.574 0.345 17.512 0.620 42.688 0.000 32.091 0.006 11.947 0.154 
35 
33 11.150 0.266 33.736 0.291 35.504 0.061 21.778 0.353 20.706 0.294 8.133 0.521 
36 2.692 0.442 40.134 0.292 45.110 0.038 52.117 0.000 57.608 0.000 35.714 0.017 
39.2 8.975 0.705 18.194 0.443 85.838 0.000 22.700 0.091 26.605 0.087 10.240 0.420 
39.3 11.988 0.062 27.566 0.069 83.779 0.000 22.970 0.085 12.884 0.378 5.794 0.832 
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secondary Secondary Vocational/Technical Tertiary/University 
Values Perceptions Chi-sqr p value Chi-sqr p value Chi-sqr p value Chi-sqr p value 
26 
27 4.000 0.046 12.090 0.279 35.732 0.008 36.402 0.050 
39.2 1.333 0.513 27.597 0.119 128.747 0.000 25.935 0.678 
39.3 1.333 0.248 11.428 0.325 134.569 0.000 38.039 0.149 
30 
27 4.000 0.135 15.784 0.046 21.979 0.038 124.781 0.000 
33 4.000 0.406 13.671 0.623 16.689 0.673 50.649 0.002 
39.1 1.333 0.513 33.408 0.000 43.438 0.000 78.387 0.000 
39.2 5.000 0.287 50.685 . 17.958 0.805 77.311 0.000 
39.3 2.000 0.368 12.496 0.130 23.702 0.256 39.465 0.033 
39.4 . . 8.738 0.365 65.319 0.000 33.432 0.030 
31 
27 4.000 0.135 6.672 0.572 27.820 0.023 107.720 0.000 
33 5.000 0.287 20.224 0.210 36.221 0.068 51.075 0.010 
36 2.000 0.157 26.413 0.048 31.658 0.047 77.832 0.000 
39.1 1.333 0.513 16.133 0.041 24.322 0.060 75.343 0.000 
39.2 4.000 0.406 26.009 0.011 91.627 0.000 41.789 0.075 
39.3 4.000 0.135 8.280 0.407 82.615 0.000 71.625 0.000 
32 
27 4.000 0.261 3.440 0.969 28.313 0.057 37.050 0.043 
33 8.000 0.238 19.740 0.474 22.184 0.847 69.256 0.000 
39.2 8.000 0.238 16.864 0.327 58.823 0.010 38.515 0.137 
39.3 4.000 0.261 7.449 0.683 51.695 0.008 55.990 0.003 
39.5 8.000 0.238 49.137 0.015 38.473 0.358 57.403 0.057 
34 
36 2.000 0.157 24.972 0.202 20.432 0.431 70.262 0.000 
39.1 . . 13.982 0.016 64.272 0.000 25.574 0.043 
39.2 2.000 0.157 33.014 0.034 63.718 0.000 30.959 0.009 
35 
33 . . 17.767 0.603 22.673 0.203 55.780 0.003 
36 2.000 0.157 13.311 0.864 27.736 0.271 62.309 0.004 
39.2 2.000 0.157 13.836 0.839 60.249 0.001 32.040 0.022 
39.3 2.000 0.157 3.671 0.961 58.688 0.000 34.001 0.013 
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Table 38. Chi-square analysis for values with perceptions when controlling for site visited. Significant (p < 0.05) associations in 
green. 
Variables TB only OS only Both sites 
Values Perceptions Chi-sqr p value Chi-sqr p value Chi-sqr p value 
26 
27 11.832 0.856 27.683 0.006 43.806 0.008 
39.2 53.101 0.033 15.523 0.626 92.077 0.000 
39.3 97.491 0.000 9.357 0.671 88.875 0.000 
30 
27 53.032 0.000 9.307 0.054 70.520 0.000 
33 44.397 0.007 . . 32.822 0.330 
39.1 71.817 0.000 0.840 0.657 45.633 0.001 
39.2 51.541 0.001 26.045 0.000 40.101 0.028 
39.3 41.113 0.016 4.247 0.374 20.288 0.440 
39.4 77.014 0.000 7.304 0.026 31.586 0.048 
31 
27 41.104 0.001 . . 81.009 0.000 
33 52.917 0.034 . . 59.975 0.001 
36 . . . . 85.056 0.000 
39.1 100.714 0.000 . . 40.610 0.018 
39.2 58.557 0.010 . . 92.356 0.000 
39.3 121.984 0.000 . . 88.296 0.000 
32 
27 34.866 0.010 . . 39.525 0.024 
33 51.424 0.046 . . 48.342 0.018 
39.2 46.253 0.118 . . 56.114 0.003 
39.3 63.307 0.003 . . 63.053 0.000 
39.5 40.410 0.541 . . 54.652 0.091 
34 
36 . . 4.400 0.819 75.074 0.000 
39.1 . . 6.000 0.199 69.785 0.000 
39.2 . . 32.813 0.001 52.157 0.001 
35 
33 . . . . 48.809 0.016 
36 . . 13.548 0.195 77.691 0.000 
39.2 . . 13.929 0.531 73.270 0.000 
39.3 . . 12.776 0.236 62.025 0.000 
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E4. Values x Behaviours x Demographics 
Table 39. Chi-square analysis for values with behaviours when controlling for gender. Significant (p < 0.05) associations in green. 
Variables Female Male Other 
Values Behaviours Chi-sqr p value Chi-sqr p value Chi-sqr p value 
26 
22 47.835 0.021 134.261 0.000 2.000 0.157 
23 114.113 0.000 112.638 0.000 6.000 0.199 
25 49.679 0.064 33.580 0.584 6.000 0.199 
30 
22 62.863 0.000 96.052 0.000 2.000 0.157 
23 67.033 0.000 56.966 0.000 3.000 0.223 
24 20.519 0.902 43.875 0.049 2.000 0.157 
28 65.346 0.000 266.303 0.000 0.750 0.386 
31 
22 35.868 0.074 67.907 0.001 2.000 0.157 
23 30.972 0.417 73.534 0.000 2.000 0.157 
24 25.486 0.701 55.323 0.021 2.000 0.157 
28 263.649 0.000 58.446 0.000 . . 
32 
22 57.585 0.002 83.701 0.000 2.000 0.157 
23 59.330 0.008 73.373 0.000 2.000 0.157 
24 43.587 0.180 37.823 0.386 2.000 0.157 
34 
25 33.947 0.283 39.912 0.107 6.000 0.199 
28 70.125 0.000 11.361 0.936 3.000 0.223 
35 
22 42.707 0.062 88.022 0.000 2.000 0.157 
23 65.018 0.002 103.537 0.000 6.000 0.199 
25 51.821 0.043 48.637 0.078 6.000 0.199 
 
Table 40. Chi-square analysis for values with behaviours when controlling for place of residence. Significant (p < 0.05) 
associations in green. 
Variables Local WA AUS International 
Values Behaviours Chi-sqr p value Chi-sqr p value Chi-sqr p value Chi-sqr p value 
26 
22 . . 55.828 0.000 45.414 0.005 74.915 0.000 
23 7.000 0.030 78.844 0.000 58.843 0.000 60.695 0.006 
25 8.750 0.364 26.683 0.640 46.206 0.119 57.610 0.013 
30 
22 . . 35.165 0.004 66.650 0.000 60.679 0.001 
23 . . 32.171 0.010 31.621 0.048 32.698 0.111 
24 2.250 0.814 36.440 0.050 26.773 0.635 31.749 0.379 
28 10.000 0.002 144.703 0.000 114.735 0.000 17.735 0.277 
31 
22 . . 20.705 0.656 66.832 0.000 52.341 0.001 
23 . . 12.144 0.911 94.118 0.000 43.427 0.009 
24 16.125 0.374 33.532 0.587 37.899 0.383 15.008 0.921 
28 3.938 0.268 27.824 0.065 95.034 0.000 42.532 0.000 
32 
22 . . 16.570 0.681 60.058 0.000 61.289 0.005 
23 . . 18.572 0.550 62.948 0.000 55.890 0.018 
24 24.250 0.232 30.331 0.449 43.563 0.181 40.294 0.286 
34 
25 12.000 0.151 35.560 0.223 49.918 0.013 24.971 0.726 
28 . . 14.382 0.497 22.314 0.100 12.273 0.658 
35 
22 . . 16.334 0.430 72.877 0.000 46.984 0.025 
23 1.200 0.549 14.774 0.541 75.685 0.000 41.660 0.238 
25 12.000 0.151 29.641 0.197 55.468 0.020 49.689 0.064 
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Table 41. Chi-square analysis for values with behaviours when controlling for age. Significant (p < 0.05) associations in green. 
Variables 18-24 25-34 35-44 45-54 55-64 65-74 
Values Behaviours Chi-sqr p value Chi-sqr p value Chi-sqr p value Chi-sqr p value Chi-sqr p value Chi-sqr p value 
26 
22 22.918 0.086 38.211 0.144 83.381 0.000 18.855 0.092 92.589 0.000 9.552 0.388 
23 13.400 0.571 116.072 0.000 48.031 0.000 24.025 0.460 76.490 0.000 4.947 0.176 
25 25.083 0.198 48.570 0.017 34.670 0.255 54.797 0.023 21.750 0.971 11.154 0.516 
30 
22 20.059 0.003 38.541 0.136 57.512 0.000 3.643 0.888 73.187 0.000 30.702 0.000 
23 20.720 0.002 65.857 0.000 24.816 0.209 21.971 0.038 21.375 0.045 0.461 0.794 
24 17.211 0.028 40.666 0.093 25.459 0.702 29.814 0.191 20.375 0.675 19.943 0.174 
28 1.780 0.411 43.485 0.000 72.938 0.000 97.704 0.000 47.242 0.000 33.280 0.000 
31 
22 7.496 0.586 19.814 0.707 71.891 0.000 4.725 0.909 17.493 0.863 17.261 0.140 
23 16.027 0.066 35.287 0.064 52.212 0.000 17.577 0.615 10.339 0.586 5.647 0.227 
24 9.400 0.668 17.909 0.807 40.741 0.091 28.342 0.552 17.601 0.965 20.345 0.437 
28 1.371 0.712 26.816 0.008 35.098 0.020 12.659 0.629 45.256 0.000 24.032 0.002 
32 
22 15.218 0.230 50.487 0.055 85.399 0.000 7.327 0.835 49.976 0.012 11.912 0.453 
23 4.200 0.898 68.194 0.001 46.225 0.004 17.423 0.625 20.920 0.283 1.380 0.848 
24 15.271 0.505 27.206 0.854 36.440 0.448 43.471 0.183 41.175 0.254 14.992 0.777 
34 
25 13.300 0.348 43.717 0.051 26.045 0.673 31.088 0.411 24.383 0.754 24.278 0.084 
28 . . 9.384 0.857 8.202 0.915 2.074 0.996 49.250 0.000 17.368 0.026 
35 
22 6.618 0.677 33.390 0.306 53.436 0.001 6.672 0.246 44.702 0.000 0.506 0.918 
23 8.240 0.510 36.255 0.457 47.241 0.003 17.255 0.636 63.757 0.000 3.264 0.659 
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Table 42. Chi-square analysis for values with behaviours when controlling for education level. Significant (p < 0.05) associations in green. 
Variables 
Primary/some 
secondary Secondary Vocational/Technical Tertiary/University 
Values Behaviours Chi-sqr p value Chi-sqr p value Chi-sqr p value Chi-sqr p value 
26 
22 0.444 0.505 29.936 0.012 125.778 0.000 123.580 0.000 
23 2.000 0.157 18.581 0.233 42.802 0.002 154.842 0.000 
25 2.000 0.157 20.812 0.703 23.917 0.776 52.072 0.041 
30 
22 1.333 0.513 55.353 0.000 40.094 0.005 66.975 0.000 
23 2.000 0.157 30.095 0.000 10.599 0.564 53.244 0.006 
24 5.000 0.287 29.649 0.076 13.582 0.956 37.264 0.170 
28 . . 56.041 0.000 102.173 0.000 97.666 0.000 
31 
22 4.000 0.135 7.033 0.855 80.159 0.000 42.700 0.062 
23 2.000 0.157 10.275 0.592 48.671 0.000 63.360 0.003 
24 5.000 0.287 12.889 0.882 36.323 0.198 55.395 0.020 
28 . . 11.437 0.492 20.042 0.170 205.756 0.000 
32 
22 4.000 0.261 14.991 0.452 77.548 . 95.899 0.000 
23 2.000 0.157 23.825 0.068 25.112 0.197 84.690 0.000 
24 8.000 0.238 29.607 0.239 33.890 0.569 47.511 0.095 
34 
25 2.000 0.157 27.312 0.340 31.009 0.415 44.293 0.045 
28 . . 2.644 0.989 8.208 0.609 40.915 0.004 
35 
22 . . 3.582 0.611 43.694 0.001 97.451 0.000 
23 2.000 0.157 39.035 0.001 69.214 0.000 88.315 0.000 
25 2.000 0.157 17.407 0.866 47.314 0.098 53.816 0.028 
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Table 43. Chi-square analysis for values with behaviours when controlling for site visited. Significant (p < 0.05) associations in 
green. 
Variables TB only OS only Both sites 
Values Behaviours Chi-sqr p value Chi-sqr p value Chi-sqr p value 
26 
22 136.241 0.000 . . 87.958 0.000 
23 . . 36.900 0.005 136.511 0.000 
25 . . 30.369 0.447 71.903 0.000 
30 
22 74.199 0.000 . . 89.457 0.000 
23 . . 33.280 0.000 64.711 0.002 
24 22.642 0.541 . . 43.630 0.179 
28 141.030 0.000 15.273 0.004 91.278 0.000 
31 
22 40.987 0.261 . . 92.411 0.000 
23 . . . . 89.147 0.000 
24 44.872 0.147 . . 55.320 0.021 
28 21.629 0.601 . . 211.668 0.000 
32 
22 47.260 0.099 . . 125.848 0.000 
23 . . . . 88.782 0.000 
24 42.952 0.198 . . 53.254 0.032 
34 
25 . . 23.571 0.262 46.404 0.028 
28 . . 5.659 0.685 34.203 0.025 
35 
22 . . . . 104.760 0.000 
23 . . 12.757 0.621 96.337 0.000 
25 . . 30.599 0.203 71.034 0.000 
 
E5. Knowledge x Perceptions x Demographics 
Table 44. Chi-square analysis for knowledge with perceptions when controlling for gender. Significant (p < 0.05) associations in 
green. 
 
Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value
Q10 Q39.4 174.935 0.000 22.155 0.966 . .
Q39.1 22.135 0.849 100.083 0.000 . .
Q33 16.038 0.014 3.642 0.457 . .
Q27 10.829 0.212 22.924 0.000 6.000 0.199
Q33 10.151 0.118 8.484 0.075 . .
Q39.1 15.254 0.054 7.600 0.473 . .
Q39.3 19.058 0.004 16.166 0.184 3.000 0.223
Q27 20.699 0.008 20.387 0.000 . .
Q36 16.754 0.159 16.817 0.010 . .
Q39.1 23.819 0.002 19.599 0.012 . .
Q39.2 32.137 0.000 18.696 0.177 . .
Q39.3 14.600 0.024 20.013 0.067 . .
Q39.4 18.243 0.051 7.693 0.261 . .
Q38 Q39.1 24.318 0.229 29.884 0.072 . .
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Table 45. Chi-square analysis for knowledge with perceptions when controlling for place of residence. Significant (p < 0.05) 
associations in green. 
Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value
Q10 Q39.4 0.321 0.571 121.471 0.000 21.161 1.000 39.388 0.013
Q11 Q39.1 2.917 0.233 10.136 0.927 39.907 0.301 45.436 0.073
Q12 Q33 . . 1.554 0.907 3.921 0.417 12.615 0.050
Q27 . . 72.848 0.000 3.195 0.363 13.115 0.108
Q33 . . 1.873 0.866 25.114 0.000 6.808 0.339
Q39.1 . . 9.612 0.142 8.977 0.062 6.065 0.416
Q39.3 . . 18.130 0.053 12.232 0.032 6.090 0.413
Q27 . . 15.729 0.015 8.424 0.209 25.603 0.001
Q36 . . 12.102 0.437 27.139 0.000 13.584 0.035
Q39.1 . . 18.369 0.005 18.787 0.016 9.417 0.151
Q39.2 . . 19.225 0.014 24.772 0.037 10.141 0.119
Q39.3 . . 18.872 0.041 29.718 0.001 4.264 0.641
Q39.4 . . 20.949 0.021 13.367 0.100 4.583 0.333
Q38 Q39.1 2.500 0.645 14.313 0.502 26.524 0.149 21.754 0.114
Q14.2
Local WA AUS International
Q14.1
Control for Place of 
residence (Q41)
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Table 46. Chi-square analysis for knowledge with perceptions when controlling for age group. Significant (p < 0.05) associations in green. 
 
Table 47. Chi-square analysis for knowledge with perceptions when controlling for education level. Significant (p < 0.05) associations in green. 
Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value
Q10 Q39.4 . . 28.317 0.102 96.747 0.002 28.806 0.629 19.074 0.087 7.134 0.309 . .
Q11 Q39.1 16.625 0.083 15.790 0.730 13.642 0.995 79.818 0.000 6.103 0.730 11.664 0.070 . .
Q12 Q33 8.327 0.080 4.183 0.523 1.518 0.823 12.342 0.030 8.823 0.032 2.302 0.680 . .
Q27 0.381 0.537 8.401 0.078 4.829 0.089 9.602 0.142 75.417 0.000 14.572 0.006 . .
Q33 2.286 0.683 3.342 0.647 5.295 0.258 12.247 0.032 9.115 0.028 4.399 0.355 . .
Q39.1 4.200 0.241 1.009 0.604 8.736 0.068 5.780 0.675 4.149 0.386 6.858 0.334 . .
Q39.3 1.429 0.699 5.477 0.140 18.018 0.001 8.987 0.343 12.657 0.124 8.493 0.387 . .
Q27 1.469 0.480 17.893 0.022 8.076 0.089 12.165 0.058 18.299 0.006 9.502 0.050 . .
Q36 0.294 0.588 11.124 0.085 9.094 0.105 13.174 0.010 24.939 0.000 10.265 0.036 . .
Q39.1 4.471 0.613 5.130 0.274 18.175 0.020 11.711 0.165 13.793 0.008 8.473 0.205 . .
Q39.2 2.732 0.950 6.323 0.388 21.712 0.005 7.030 0.533 16.245 0.039 25.975 0.004 . .
Q39.3 1.898 0.929 9.074 0.169 9.506 0.301 8.942 0.347 22.089 0.005 19.982 0.010 . .
Q39.4 . . 4.297 0.367 28.864 0.001 4.109 0.847 3.509 0.173 2.947 0.229 . .
Q38 Q39.1 11.590 0.479 15.037 0.131 16.567 0.681 27.307 0.127 16.771 0.080 35.724 0.000 . .
Q14.1
Q14.2
55-64 65-74 75+Control for Age 
group (Q42)
18-24 25-34 35-44 45-54
Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value
Q10 Q39.4 . . 48.979 0.000 25.342 0.908 42.465 0.698
Q11 Q39.1 . . 29.000 0.000 32.334 0.119 37.696 0.263
Q12 Q33 . . 1.825 0.768 14.623 0.012 4.004 0.549
Q27 1.333 0.248 0.237 0.888 41.648 0.000 20.232 0.009
Q33 4.000 0.135 5.508 0.239 7.220 0.205 10.993 0.052
Q39.1 1.333 0.248 5.308 0.070 3.940 0.685 12.318 0.138
Q39.3 0.000 1.000 6.379 0.041 8.124 0.617 19.043 0.040
Q27 . . 5.111 0.276 10.035 0.123 36.863 0.000
Q36 . . 12.647 0.013 3.074 0.930 28.187 0.000
Q39.1 . . 4.984 0.289 11.884 0.065 24.726 0.002
Q39.2 . . 14.894 0.061 14.775 0.254 20.905 0.022
Q39.3 . . 8.428 0.077 12.523 0.252 26.537 0.003
Q39.4 . . 11.161 0.025 9.176 0.328 13.504 0.096
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E6. Knowledge x Behaviours x Demographics 
Table 49. Chi-square analysis for knowledge with behaviours when controlling for gender. Significant (p < 0.05) associations in 
green. 
 
Table 50. Chi-square analysis for knowledge with behaviours when controlling for place of residence. Significant (p < 0.05) 
associations in green. 
Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value
Q10 Q39.4 164.780 0.000 . . 29.095 0.986
Q11 Q39.1 . . 2.640 0.852 84.085 0.000
Q12 Q33 21.270 0.002 . . 3.606 0.607
Q27 11.116 0.011 6.233 0.182 13.464 0.009
Q33 16.621 0.011 . . 8.325 0.139
Q39.1 6.022 0.197 1.460 0.482 8.621 0.071
Q39.3 11.226 0.082 4.944 0.293 11.033 0.026
Q27 11.279 0.080 0.751 0.945 36.382 0.000
Q36 . . 9.071 0.059 27.065 0.000
Q39.1 10.708 0.219 5.440 0.066 21.706 0.000
Q39.2 15.238 0.229 6.318 0.389 17.505 0.004
Q39.3 17.796 0.122 3.080 0.545 14.760 0.005
Q39.4 8.076 0.426 3.965 0.138 11.032 0.026
Q38 Q39.1 26.525 0.149 4.920 0.296 36.986 0.012
Q14.1
Q14.2
TB only OS only Both sitesControl for site 
visited (Q2)
Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value
Q10 28 162.212 0.000 38.584 0.832 . .
Q14.1 22 18.495 0.002 5.393 0.495 2.000 0.157
23 32.220 0.001 14.821 0.011 . .
28 17.640 0.024 12.128 0.146 . .
22 35.417 0.081 47.187 0.024 2.000 0.157
24 29.768 0.635 43.385 0.054 2.000 0.157
Q38




Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value
Q10 28 0.563 0.453 76.740 0.000 111.021 0.000 52.938 0.015
Q14.1 22 . . 14.975 0.005 5.897 0.207 9.383 0.153
23 . . 33.795 0.000 6.861 0.143 15.503 0.017
28 . . 9.764 0.135 12.452 0.132 10.135 0.119
22 . . 26.233 0.158 46.218 0.001 33.589 0.298
24 15.000 0.132 27.700 0.586 33.688 0.293 39.878 0.107
Q14.2
Q38
Control for Place of 
residence (Q41)
Local WA AUS International
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Table 51. Chi-square analysis for knowledge with behaviours when controlling for age. Significant (p < 0.05) associations in green. 
 
Table 52. Chi-square analysis for knowledge with behaviours when controlling for education level. Significant (p < 0.05) associations in green. 
 
Table 53. Chi-square analysis for knowledge with behaviours when controlling for site visited. Significant (p < 0.05) associations in green. 
Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value
Q10 28 0.764 0.979 131.413 0.000 21.902 1.000 17.315 0.835 45.890 0.125 13.660 0.323 . .
Q14.1 22 4.392 0.222 11.522 0.074 6.407 0.171 2.313 0.315 5.274 0.383 6.526 0.089 . .
23 0.764 0.858 13.474 0.036 24.144 0.000 5.892 0.207 22.051 0.005 0.014 0.907 . .
28 0.935 0.627 8.449 0.207 8.518 0.385 10.504 0.105 13.715 0.033 6.514 0.164 . .
22 10.814 0.545 47.207 0.024 36.605 0.013 13.144 0.216 35.480 0.080 11.368 0.251 . .
24 13.883 0.607 33.795 0.289 31.067 0.412 28.824 0.527 51.934 0.008 21.032 0.136 . .
Q14.2
Q38
55-64 65-74 75+Control for Age 
group (Q42)
18-24 25-34 35-44 45-54
Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value
Q10 28 . . 40.615 0.045 13.156 0.988 122.051 0.000
Q14.1 22 1.333 0.248 3.235 0.357 5.954 0.311 16.231 0.006
23 . . 0.704 0.872 15.607 0.048 31.873 0.000
28 . . 2.080 0.912 7.380 0.287 15.041 0.058
22 4.000 0.046 7.845 0.797 36.235 0.068 52.638 0.001





Primary/some Secondary Vocational/Technic Tertiary/University
Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value
Q10 28 26.225 0.985 . . 124.938 0.000
Q14.1 22 4.820 0.567 20.516 0.002
23 3.791 0.705 43.029 0.000
28 14.762 0.064 0.727 0.948 18.435 0.001
22 27.214 0.345 . . 54.075 0.001
24 31.038 0.414 . . 33.457 0.303
Control for site 
visited (Q2)
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E7. Perceptions x Behaviours x Demographics 
Table 54. Chi-square analysis for perceptions with behaviours when controlling for gender. Significant (p < 0.05) associations in 
green. 
 
Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value
22 138.717 0.000 50.139 0.000 2.000 0.157
23 77.005 0.000 73.993 0.000 6.000 0.199
28 133.027 0.000 32.360 0.000 3.000 0.223
22 74.139 0.000 35.154 0.066 . .
23 63.870 0.000 33.057 0.033 . .
28 27.248 0.293 30.595 0.015 . .
36 28 111.038 0.000 47.170 0.003 0.750 0.386
22 11.219 0.940 80.372 0.000 . .
23 11.797 0.858 70.814 0.000 . .
28 105.220 0.000 79.820 0.000 . .
22 19.940 0.750 125.275 0.000 . .
23 25.998 0.353 53.892 0.000 3.000 0.223
24 31.364 0.398 53.568 0.109 . .
28 126.654 0.000 50.195 0.006 3.000 0.083
22 33.606 0.004 54.436 0.004 2.000 0.157
23 41.246 0.001 53.927 0.000 3.000 0.223
28 58.638 0.000 34.357 0.079 0.750 0.386
22 51.375 0.001 30.538 0.033 . .
23 119.163 0.000 34.058 0.003 . .
28 130.644 0.000 20.074 0.066 . .
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Table 55. Chi-square analysis for perceptions with behaviours when controlling for place of residence. Significant (p < 0.05) 
associations in green. 
Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value
22 . . 23.867 0.002 40.179 0.000 191.582 0.000
23 . . 49.509 0.000 54.501 0.000 136.316 0.000
28 10.000 0.002 47.984 0.000 16.996 0.150 186.501 0.000
22 . . 16.342 0.695 12.260 0.726 68.555 0.001
23 . . 20.287 0.440 10.987 0.810 109.409 0.000
28 0.321 0.571 38.235 0.001 19.047 0.266 18.711 0.410
36 28 . . 65.481 0.000 9.787 0.635 63.143 0.000
22 . . 25.000 0.015 32.648 0.008 62.316 0.000
23 0.194 0.659 13.676 0.091 51.305 0.000 31.132 0.028
28 10.000 0.007 36.981 0.000 77.894 0.000 12.125 0.206
22 . . 30.622 0.002 75.025 0.000 80.246 0.000
23 2.917 0.233 33.260 0.001 75.732 0.000 17.886 0.463
24 16.650 0.340 28.449 0.242 58.526 0.046 16.933 0.528
28 10.000 0.019 138.369 0.000 35.670 0.151 17.362 0.043
22 . . 26.493 0.047 46.657 0.001 51.111 0.000
23 1.556 0.212 9.740 0.639 60.171 0.000 52.099 0.000
28 10.000 0.007 47.642 0.000 35.703 0.017 45.975 0.000
22 . . 35.459 0.018 22.822 0.119 151.625 0.000
23 0.194 0.569 34.606 0.004 26.800 0.008 108.756 0.000
28 4.444 0.035 19.401 0.196 80.262 0.000 158.190 0.000







Control for Place of 
residence (Q41)
Local WA AUS International
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Table 56. Chi-square analysis for perceptions with behaviours when controlling for age. Significant (p < 0.05) associations in green. 
 
Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value
22 1.770 0.621 77.263 0.000 45.695 0.000 2.254 0.895 44.861 0.000 7.897 0.246 . .
23 2.333 0.506 60.332 0.000 46.193 0.000 2.393 0.999 55.487 0.000 5.007 0.025 . .
28 2.805 0.094 95.242 0.000 23.754 0.003 60.306 0.000 29.469 0.001 12.254 0.016 . .
22 15.132 0.234 133.495 0.000 24.074 0.088 6.610 0.762 11.898 0.687 22.140 0.036 . .
23 7.171 0.619 94.252 0.000 17.647 0.345 17.869 0.332 10.849 0.286 1.559 0.669 . .
28 0.935 0.919 28.486 0.019 37.195 0.002 11.643 0.706 19.007 0.025 15.498 0.050 . .
36 28 . . 36.813 0.006 23.894 0.067 0.553 1.000 43.172 0.000 26.478 0.001 . .
22 15.906 0.069 21.101 0.049 69.885 0.000 12.738 0.121 13.070 0.220 18.845 0.027 . .
23 15.000 0.020 27.604 0.006 37.349 0.000 31.889 0.010 3.231 0.520 0.958 0.328 . .
28 11.564 0.009 22.600 0.001 125.254 0.000 55.083 0.000 28.242 0.000 21.997 0.001 . .
22 16.548 0.167 89.293 0.000 71.976 0.000 20.937 0.007 25.010 0.050 27.870 0.006 . .
23 18.171 0.111 48.630 0.000 37.665 0.002 6.193 0.906 43.561 0.000 1.509 0.470 . .
24 18.165 0.314 28.873 0.050 59.108 0.000 20.347 0.677 17.124 0.515 27.320 0.340 . .
28 0.695 0.952 46.425 0.000 23.854 0.093 47.733 0.000 17.184 0.143 29.012 0.001 . .
22 16.050 0.066 35.684 0.008 51.477 0.000 37.577 0.000 17.844 0.598 14.893 0.094 . .
23 4.663 0.588 33.285 0.015 36.076 0.003 6.026 0.915 7.893 0.444 0.073 0.964 . .
28 5.299 0.151 36.934 0.000 26.632 0.046 22.862 0.029 11.144 0.517 22.213 0.005 . .
22 . . 68.618 0.000 33.142 0.033 9.621 0.293 0.869 0.972 1.592 0.661 . .
23 . . 50.730 0.000 39.665 0.000 6.698 0.979 0.328 0.988 1.509 0.219 . .
28 . . 63.072 0.000 69.837 0.000 28.093 0.005 0.707 0.872 0.897 0.011 . .
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18-24 25-34 35-44 45-54 55-64
178 
Godwin, D. (32113382) 
Table 57. Chi-square analysis for perceptions with behaviours when controlling for education level. Significant (p < 0.05) associations in green. 
Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value
22 0.444 0.505 15.441 0.017 37.724 0.001 120.502 0.000
23 2.000 0.157 2.739 0.841 57.893 0.000 96.378 0.000
28 . . 15.347 0.018 22.502 0.007 203.680 0.000
22 4.000 0.135 6.509 0.888 34.460 0.098 84.348 0.000
23 . . 18.855 0.092 23.524 0.024 112.300 0.000
28 . . 12.416 0.413 13.943 0.530 33.082 0.033
36 28 . . 0.448 1.000 8.955 0.346 116.425 0.000
22 0.444 0.505 11.860 0.065 29.285 0.015 45.977 0.001
23 . . 0.842 0.840 46.901 0.000 31.171 0.028
28 . . 23.503 0.001 30.920 0.000 104.321 0.000
22 1.333 0.513 13.934 0.125 115.044 0.000 35.090 0.020
23 2.000 0.157 17.062 0.147 51.083 0.000 26.159 0.096
24 5.000 0.287 15.211 0.436 37.800 0.387 19.605 0.926
28 . . 16.944 0.152 19.011 0.391 155.201 0.000
22 1.333 0.248 17.887 0.007 94.050 0.000 30.644 0.060
23 2.000 0.157 2.761 0.838 48.718 0.000 32.804 0.018
28 . . 4.542 0.604 29.004 0.016 69.821 0.000
22 . . 6.246 0.396 32.227 0.041 39.987 0.005
23 . . 1.968 0.579 25.617 0.060 70.438 0.000
28 . . 0.306 0.999 31.110 0.002 73.819 0.000
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Table 58. Chi-square analysis for perceptions with behaviours when controlling for site visited. Significant (p < 0.05) associations 
in green. 
 
Chi-sqr p  value Chi-sqr p  value Chi-sqr p  value
22 24.944 0.126 . . 129.531 0.000
23 . . 28.680 0.000 131.757 0.000
28 108.463 0.000 24.164 0.000 185.030 0.000
22 45.895 0.125 . . 55.435 0.000
23 . . . . 94.076 0.000
28 17.759 0.815 . . 38.679 0.007
36 28 . . 0.436 0.979 68.388 0.000
22 30.768 0.058 . . 67.430 0.000
23 . . 0.480 0.923 50.139 0.001
28 97.929 0.000 0.436 0.804 75.839 0.000
22 53.137 0.001 . . 116.691 0.000
23 . . 27.755 0.001 63.742 0.000
24 54.223 0.026 . . 38.809 0.130
28 86.990 0.000 2.579 0.860 34.656 0.022
22 43.505 0.012 . . .83.934 0.000
23 . . 6.507 0.369 69.039 0.000
28 93.788 0.000 2.418 0.659 31.279 0.012
22 24.987 0.202 . . 64.479 0.000
23 . . 1.461 0.691 91.638 0.000
28 84.080 0.000 0.095 0.954 37.593 0.002






Control for site 
visited (Q2)
TB only OS only Both sites
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